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C.1 _HEAT PIPE ANALYSIS AND DESIGN CODE USER'S MANUAL

C.l.1 Introduction

. This section describes the utilization of a digital computer code for Heat
Pipe Analysis and Design (HPAD). Basically, HPAD calculates the steady-state,
hydrodynamic heat transport capability of a heat pipe with a particular wick configu~
ration and working fluid as a function of wick crc:is-sectional area. Heat load, orien-
tation, operating temperature, and heat pipe geometry are specified. Both one *'g"
and zero "g" environments are considered. At the User's option, the code will also
perform a weight analysis and calculate heat pipe temperature drops. Each of the
following wick configurations whose cross-sections are shown in Figure C.1-1 can be

analyzed using HPAD.

& Central Porous Slab

e Circumfere:. .12} Porous Wick
e Arterial Wick

@ Annular Wick

o Axial Rectuangular Grooves

Both the composite apd homogeneous modes of operation can be evaluated for the first
three wick types. The analysis and formulation of the equations used in the program
are presented in Section C.1.2. The basgic closed-foerm sclution for heat transport
capability is presented, and the wick properties and self-priming requirements are
established for each of the wick configurations. A weight analysis and a heat transfer
model are also developed. This section concludes with the Method of Solution and

User's options.

The program input requirements are described in Section C.1. 3.2, and
the output formate are described in Section C.1.3.3. Nomenclature is ligted at the
end of Section C.1.3. The flow diagrams, program listings, arnd sample problems
are presented in the Appendices. - A listing of FORTRAN names with epgineering

quantities is also presented as an Appendix.

C.1-1



-+ T = 18 SN W - e e

Figure C.1-1. Heat Pibe Wik Configurations
e

-y
Y
r ¢ ri ¢
// \
gﬁ '
2% / Jj —
%
: L
——i2h p— hp DO
a. Central Porous Slab d. Annular Wick e. Axial Rectangular Groove
ry i r\'l
w
d .3xB (45°x 45°)-
Typ

b.Circumferential Porous Slab €. Arterial Wick

C.1-2



R

e,

Rt e

Ca Rri e ok e WA e

S hrerEoces @

C.1.,2 Analysis

C.1.2.1 Hest Transport Capability

The analysis to determine the heat transport capability of a heat pipe con-
siders both capillary pumping and sonic vapor limits. Closed form solutions are used
to predict the steadj-state heat transport as a function of wick area in the case of the
capillary pumping limit or the minimum vapor area for the sonic vapor limit. The
analysis is performed for the conventional one-dimensional heat pipe shown in Figure

C.~-2 The following assumptlons apply:

¢ Uniform heat addition and removal at a singie evaporator ana

condenser section.

e Uniform wick properties and circular cross-section over the

entire length.

e Momentum effects are negiigible,

C.1.2.1.1 Capillary Pumping Limii

The closed-form solution for the hydrodynamic heat transport capability

as determined'by the capillary pumping limit can be derived as:

ZKAW (1+'7)cos(irF1

= N © C.l-1
Ql; rp Le[f : 1

Although the individual terms have been discussed previously they will be repeated

here for easy reference.

1. The parameter n is definad as the ratio of the sum of all pressure
differences due to body forces to the available capillary pressure,
i.e.,

r Dcosf r h
n= - £ + b T C.1-2
2Hcos 8 2Hcos 8 : o

where H, the wicking height factor, is a property of the working

C.1-3
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Figure C.1-2,

L= La+ L°+ LC

Uniform Heat Flux at
Evaporator and Condenser

h20 for B20

Conventional Heat Pipe
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fluid and is defined as:

-
P18

1

H C.1-3

The parameter F, represents the ratio of the flow pressure drop in

1
the liquid to the sun of the flow pressure drops in liquid and vapor, |

Ap; 1 .
F, = AP+ AP = v 32K A : C.1-4
v 1+ % — e =
v D A
1 h,v v

where the factor ¢ depends on whether the vapor flow is laminar or

turbulent.
1 » Re < 2200
v

0.0031 (Rev)0'75 » Re_ > 2200

with

Re =(m) . C.1-6
v 7} v

The turbulence coefficient (0.0031) has been adjusted so that the
total vapor pressure drop neglecting momentum effect is equal for
the laminar and turbulence at ReV = 2200. This assumption gives

a smooth transition from laminar flow to turbulence. The maximum
deviation resulting from the above assumption is about 10%.

The Liquid Transpert Factor Nl is defined as:

P02
N = —

Rl G-

The parameter Leff is the effective transport length defined as:

C.1-5
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L, + L, .
Leff = —‘2 + La- C.1-8

5. The parémetefs K, rp, Dh,v’ A"”, and Av are the permeability,
effective pumping radius, vapor hydra_ulic diameter, and the wick
and vapor cross-sectional areas, respectively. These parameters
are defined by the type cf wick material and wick geometry employed.
Homogeneous and composite type wicks are treated by determining
the approprlafe values of permeability and pumping radius to be used
in Equations C.1-1 and C.1-2., Equivelent wick properties for dif-

ferent wick geometries are discussed in a later section.

Once the properties of the wick and working fluid have been determined,
Equation C.1-1 l.S used to cé.lcnlate the maximum heat (Qt) that can be transported
without exceeding the capillary !imit. When the vapor flow is laminar, Equation
C.1-1 can be solved explicitly for either Qt Leff or Qt When the flow is turbulent,
Equation C.1-1 becomes an implicit relation for Qt' In this case, the Newton-Raphson

Method is used to calculate the maximum heat transport.

The heat transport capability is calculated for both zero "g" and one "g"
environments by setting n equal tv zero for the former and calculating » (Equation
C.1-2) for a specified elevation he (equal to -h) in the latter. The variation of heat
transport with evaporator elevation (dét/dhe) is also calculated for the one "g'' lami~

nar case from:

% __FAVAN C.1-8
dh L. H :

In order that a particular wick performs to its full capacity in a gra'.'ity.
‘leld, it must be capable of complete self-priming. At a minimum, this requires
that in the static condition and at the specified orientation the capillary pumping avail-
able during priring must be sufficient to overcome any adverse body forces. Thus,

for a fully saturated wick, the gravity head required for self-priming becomes:

h =h + D ' : C-1-10
req ‘e .

C.1-6
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In the analysis, the self-priming capabilitj of a particular wick is determined from: '

2Hcos 8 .

- 2=c08f ' C.1-11
sp T
P, 8P :
where rp sp = effective pumping radius during filling. Thus, in order to have a fully
saturated wick:
h_>h_ ' C.1-12
sp reg

This program will calculate the heat transport capability for only those wick geome-
tries which satisfy the self-priming requirement (i.e., Equation C.1-12), As an
example, consider the case of an arterial wick (Figure C.1-1C) adjacent to the tube

wall (hp = 0). The self-priming requirement for a horizontal heat pipe with this wick
is:
=D C.1-13
req a

During priming the effective pumping radius is:

Da
r = — . : C.1-14
P, 8P 2
therefore:
_ 4Hcos g C.1-15
sp D

a

The code will therefore pérform the heat transport analysis for increasing values of

artery diameter until either:

Da > 2"1{ cos 8 C.1-16

or the sonic -vapor limit or the maximum allowable vapor temperature drop is exceédcd.

C.1-7



C.1.2.1.2 Sonic Vaper Limit

Generally, the heat transport capability of a heat pipe will be determiner_i
by the capillary pumpiﬁg.limit; howeiler, in those cases where the working fluid is at
a low vapor pressure, the sonic vapor limit could become dominant, Tl;e minimum
allowable vapor area that can exist without incurring the sonic vapor limit is calcu~
lated from: ‘

A .. 2(vy+1) 1
Vv, min ‘YRgT /ﬂv)\'

Wheu performing the heat transport analysis for a specified wick conﬁguration, the
transport capability calculated from Equation C.1-1 ig a function of increasing wick
(i. e., liquid) area until the wick becomes so thick that the vapor flow area is reduced
to the point wheré the sonic vapor limit is reached. The heat transport portion of the
'analysis' is then terminated. The analysis is alsc terminated if the wick is no longer
self-priming or the vapor temperature drop exceeds a specified value (see Section

C.1.2.2).

C.1.2.2 Wick Properties

The heat transport capability of any of the five wick geometries shown in
Figure C.1-1 can be determined using HPAD. Both homogeneous and composite modes
of operation can be evaluated for tae first three geometries. The circumferential dis-
tribution of the liquid is neglected for the central slab and artery designs., The heat
transport capability is determined using the equations dev'eloped in the préceding
section. Since these equatious are general, equivalent wick properties must be de-
rived {or the specific wick designs and operational modes, In parﬁcular, equivalent

properties must be determined for the following:

K = Permeability - This is either input as a material property;
or, in the case of the arterial, annular, and firoove ge.m-
etries, it is calculated consistent with the appropriate fric-"

tion factor and the hydraulic diameter of the liquid- (Dh l).

C.1-8
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K= —2l | C.1-18 .

2f Re

Dy, 1

Liquid hydraulic diameter - This parameter 18 d=fined as:

L4
=B

Dh, 1 C.1-19
: w
Dh v - Vapof ‘hydraulic diameter - Tnis i8 defined analogous te Dh I’
] ’
rp = Effective pumping radius - This is input as a property of the
wick mulsrial or calculated from the wick geometry.
Hreq = Static elevaticon head that must be supported in one *'g’* envi-
' ronment if the wick is to be self-priming. This is calculated
based on wick geometry.
rp sp = Pumping Radius for self-priming.
?

The equivalent wick properties are listed in Table C.1-1 for the various wick gcom-

etries.

C.1.2.3 Welght Analysis

A welight analysis subroutine which can be employed at the user's option
ig included in this program. The weight énalysls is based on containment of the in-
ternal pressure of the working fluid at a specified maxi num temperature. The in-
ternal pressure is input as the saturated vapor pressure when the maxiraum temper-
ature is less" than the critical temperature. For temperatures exceedi1r.3 the critical
temperature of the working fluid, the internal pressure is calculated frym either the
Ideal Gas Law or the Beattie~-Bridgman Equation depencing on which is indicated in
the input.

For an Ideal Gas:

mR Tinax- ’
= ——8 _max’ -
P Vt _ C.1-20

C.1-9
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where "m'* is the total fluid inventory required at the operating temperature, and "Vt"

'is the total internal void volume.

m=m+m, _ : C.1-21

with _ :
Lomy = f'lVl:,Dl €A L C.1-22
m = Pv vy =,°v A, L C.1-23

When the Beattié-—Bridgman Equation is used:

R T {1L-¢)

pP= —h'%x——— v+ B) - C.1-24
| ve

where "v" is the specific volume

Vt
v = — C.1-25
. _m
and
A=A _2'-) C.1-26
o v
b
B=B (1--) C.1-27
o Y
¢ = c C.1-28
T vT 3 )
max -

Ao’ a, Bo’ b, and ¢ are constants for ihe particular working fluid, which must be ir-
put when the Beattie-Bridgman Equation is required. These constants must be input
consistent with the following dimensions: pressure in étmospheres, volume in liters/
gm mole, temperature in degrees K, and R = 0. 08206 atm-liters/gm-mole-°K. These

are the units generclly found in the literature.

) . C.1-11




" The weight analysis is performed for a single tube wall thickness which is
the larger of the specified wall thickness or the minimum wall thickness required to
contain the pressure with a specified safety factor (S). The welght analysis can also
be periormed parametrically as a function of the radius of a spherical storage volume.
This volume would be attached to the heat pipe to reduce containment pressures and
subsequently the system weight. The spherical volume shown in Figure C.1-3 is used
strictly for containment purposes and should not be confused with the storage reser-
voir used in gas-conirolled heat pipes. A spherical volume is used to simplify the
analysis; and, although it is impractical because of its fabricability, this model does
give a gobd indicatior of the size of a cylindrical reservoir required to minimize the

system weight, The wall thicknesses required to contain the pressure are determined

from:
t = 2-311—91 C.1-29
y
and
PR _ S .
5 = —:;%—— C.1-30
y

The total internal volume of the system is:

V=V, +V +V +V . C.1-31
t 1 v st w

Vv = (MR%2-a-e)A )L+2qRr 3 C.1-32
g = ( ) Ay 3 st R

The total weight of the system is calculated as:

mt =m+ mW + mhp+ mst ) C.1-23
where
m, = (P A), L C.1-34
_ 2 C.1-35
My, = Wi +23t)f’hpL .1

C.1-12
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Figure C.1-3. Heat Pipes with Spherical Pressure Containment Vessel
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m t I . /". ‘R‘t t§) R ..." R t hs IF’ C.1-36

s |

3 st

with

B 24
R C.1-37

. "
ho Rst - (Rst“ -
The weight analysis is performed for the case of no storage volume by set-
ting Rsl cqual Lo zervo (0). Otherwise, tho analysis is performed for increasing values
of storage radius, Thé analysis is to:rminnlcd when either the thickness of the tube
wall or the spherical shell becomes less than a specified minimum value, or the radius
of the sln.r:tg'o '\'nlumc cxccuds-n specifiod maximum. The minimum thicknesses should
be specified consistont with fabrication constraints; whereas, the maximum storage
fadius relates to system integration considerations. When no storage volume is em-
ployed, if the tube thickness required for containment is less than the specified mini-

mum, the tube weight is caleulated for the specified value.

Also caleulated in this subroutine are the temperature drops associated
with conduction across the heat pipe wadl at the evaporator and condenser sections.
These temperature drops are a function of wall thickness and are therefore affected
by the size of the storage volume. The equations for these temperature drops are

presented in the next section,

C.1.2,4 Heat Transfer Analysis
The heat transfer annlysis is based on the thermal model shown in Figure

C.1-t. The totad thermal impedance R“ is composed of a series of individual resis-

1
tances.,
R. =R + R +R +R + R C.1-38
e v W

th w, e

where the individual resistances arve calculated from:

D&\'l
Dc\t In (D )
i int

= e 1-39
Ry 2K A : C.1-3 _
wooext | S
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Figure C.1-4. Thermal Impedance Model for Heat Transfer Analysis
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R = ——— ' _ . ' C.1-40

e he int,e
Pv T .
R = T—— C.1-41

Rc =% A - C.1-42
¢ " int,c

The internal areas used in the above equations are the actual heat transfer areas as-
sociated with the particular wick geometry. Jeat transfer coefficients for the slab,"
arterial, and grooved wicks are input for the evaporator and condenser sections. For
the case of the annular or circumferential wicks, the film coefficients are calculated

from:

LY

ol

h = ——— C.1-43
an (Ri - Rv)

o

k
eff
h,K&£ & =-— C.1l-4
cir (Ri - Rv)

where the conductivities are specified input values. Individual temperature drops are

calculated from:

AT, ='R Q . G145
and the overall temperature dropi is calculated as:

AT = R, Q o " C.1-46

As mentioned previously, the heat transport analysis will be terminated if the vapor

temperature drop A 'va exceeds a specified maximum value.

C.1-16




C.1.2.5 . Analysis Summary

The features of this z'ma.lysis ana the basic assumptions cmplo&cd can be

summarized as follows:

C.1.2.5.1 Fc'uures

1. The heat transport capability ((.QL or maximum heat transport

ef{)

((.Qm“) can be calculated for five basic wick geometries.

2. * The vapor flow may be laminar or iurbulent.

3. The heat transport capability is determined for both one "g" and

Zero ''g" environments,
4. The effect of elevation on heat transport is determined,

5. Both composite and homogeneous modes of operation can be anal-

vzed for the slab, circumferential, and arterinl wick geometries,

6. The maximum heaf transport is calculated as a function of wick
thickness (or liquid flow area). For the axial groove geometry,
tl.e number of grooves, their width, and the corresponding land
thickness is determined so that the maximum heat transport is
realized for a particular aspect ratio. In this case, the maxi-
mum heat transport is calculated as a function of groove aspect

ratio.

1. The minimum vapor area allowed without incurring the sonic
vapor limit is calculated.

8. The effective pumping radius required for self-priming is cal-
culated.

*9,-  The fluid inventory, evaporator and condenser film temperature

*When the axial groove geometry is analyzed, the parameters of (i) and the weight of
@#) are calculated for those aspect ratios whosza calculated heat transport exceeds the
specified requirement.

'C.1-1_7




*10.

11.

12,

drops and the vapor temperature drop are calculated for the mini--
mum wick thickness necessary to meet a specified heat transport

requirement.

An optional weight analysis can be performed for the minimum wick

thickness which satisfies the specified heat transport requirement.

This analysis calculates the total system weight consistent with -

containment of the working iluid at a specified maximum tempera-
ture. A spherical storage volume may be employed for contain-

men. a: the user's option.

The wo cking fluid can be treated as a saturated vapor, a real gas,
or an ideal gas (whichever is appropriate) at the maximum temper-

ature.

The heat transport analysis is terminated at either the sonic vapor

limit or when the vapor temperature drop exceeds a specified value.

C.1.2.5.2 Assumptions

1.

One-dimensional axial fluid flow, i.e., radial and/or circumfer-

ential pressure losses, are negligible.

Heat pipe cross-section is circuiar and uniform over the length

of the heat pipe.
Wick cross-section is uniform over the length of the heat pipe.

Fluid and material properties are constant over the length of the

heat pipe.

Uniform heat addition and removal.

Axial heat conduction in the tube wall is negligible.

*Whey, the axial groove geometry is analyzed, the parameters of (i) and the weight of
(i) are caiculated for those aspect ratios whose calculated heat transport exceeds the
speciﬁed requirement.

C.1-18




¢ 7. - Vapor pressure drop due to gravity is negligible.
8. ' Momentum losses in the vapor are negligible.
9. Liquid flow is always laminar.
10. Nucleate boiling and entrainment limits are not considered,
These assumptions are consistent with most heat pipe analyses and are generally not
prohibitive. The last three assumptions become invalid when very high heat loads
or cperation with a fluid at a low vapor pressure are required. These condition_é are
generally encountered with liquid metals at operating temperatures substantially below

their boiling point, and care should be exercised when using this analysis under those

circumstances.

C.1.3.0 Program Description

C.1.3.1 - General

A listing of the program is presented in Appendix A. The program was
written in FORTRAN V and was designed to operate on the UNIVAC 1108 system. The
FORTRAN names and the physical quantitiecs they represent are listed in Appendix B.

Storage reguirements are on the order of 50, 000 words (octal).

The program logic is illustrated in the {low diagram contained in Appendix
C. Basically, the program reads the input data, ca'culates equivalent wick properties,
performs a heat transport and thermal analysis as a function of wick thickness, per-

forms a weight analysis if required, and outputs the data.

The deck setup as shown in Figure C.1-5 consists of job control cards,
the program source deck (which may include a fiuid property data acquisition code),

additional control cards followed by the input data and progrﬁm termination cards.

As indicated above, the program has two major cptions. First, a fluid
property data acquisition code can be utilized in conjﬁnction with the IIPAD source
program. This eliminates the need for inputting the various fluid properiies at the
specified vapor temperature as part of the data deck. The second option is the weight

analysis, Either option is exercised by using the appropriate integer in the fourth

C.1-19
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Figure C.1-5. Program Deck Setup




input card of the data deck as described in the next section.

C.1.3.2  Input Description

Table C.1-2 describes the entries to be made on the various input cards
and indicates when each of the optional cards are to be excluded. The FORTRAN
name, format, and units to be used are indicated for each entry. A listing of sample
input data for a homogeneous circumfereatial wick and for the axial groove wick is

presented in Table C.1-3 and C.1-4.

C.1.3.3 QOutput Description

The program outputs essentially all input data. This is followed by the
heat transpert analysis. The self-priming requirement and the minimum allowable
vapor area (based on not exceeding the sonic limit) are printed. A table in which the
film and vapor temperature drops and the calculated heat transport performance
parameters are listed as a function of wick thickness or groove aspect ratio is printed
next. This table is followed by a summary of the parameters associated with the min-
imum wick thickness or aspect ratio's which satisfy a specified heat transport require-
ment. If the requirement cannot be satisfied by the particular design, the following
statement will appear at the end of the preceding table: '"No Area Exists to Satisfy
QMAX Requirement''. If a weight analysis is requested, the tube thickness required
for containment and a weight breakdown are listed in taBular form as a function of the
wick storage volume radius for the minimum thickness or those aspect ratios which
satisfy the heat transport requirement. This is then followed by a table which lists
the conduction temperature drops and the syctem's temperature drop as a function
of the storage volume radius. A listing of typical output data is presented in Appendix

D with the sample problem.-

C.1.3.4 Nomenclature

The nomenclature used in the Heat Pipe Analysis and Design Code section

is given in the following tabulation..

C.1-21
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Table C.1-2 Input Data Description ' l
Input
Card Fortran’
No. Format Name Descrintion _ Unit ;
1 2A6 HD1 Headings (working fluid) ' -
2 5A6 HD3 Headings (heat pipe - .iterial) -
ED1 : :
HD5 :
HD12
3 10A6 HD6 Headings (type of wick) ‘ -
HD7 . .
HDS§
BD9
HD10
HD11
HD13
HD14 : . ' |
HD15
HD16
4 613 MORE Control Point, integer <1 for last set of - |
data, otherwise integer >1 .
i
OPWT Control Point, integer < 1 without weight - b
analysis, otherwise integer > 1
DATA  Control Point, integer > 1 no data acquisi- -
tion code, otherwise integer <1 {
' OoTOW Control Point, type of wick geometry -
. 1 slab
2 arterial
3 annular
4 circumferential
5 axial grooves

STATE Control Point, integer >1 use Beattie- -
Bridgman Equation, integer <1 use Ideal
Gas Law

e

FLUID Control Point, type of working fluid (DAC) - -

C.1-22
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mput

Card Fortran
No.. Format Name Description Unit
5 2Fl10.5 TEMP Operating temperature : OK
TMAX Maximum system temperature °k _
DT Maximﬁm allowable vapor temperature °k
' drop
6 G6E10.4 RHOL Liquid density - kg/m3
; RHOV Vapor density kg/ m?
i .
I XLAMD  Latent heat of vaporization w-s/kg
!
SIGMA Surface tension ’ N/m
XMUL Dynauiic liquid viscosity kg/m-s
XMUV Dynamic vapor viscosity kg/m-s
7 2F10.5 XMW Molecular weight of working: fluid kg/mole
GANMMA Ratio of the spzuific heats
8* 5E10.4 ASO Constants for Beattie-Bridgman Equation
; SA (pressure in atmosphere, volume in liter/
; BSO gm-mole, temperatuge in °K, R=0.28206
; SB atm liters/gm-mole K)
' sC -
9 E10.4 PHI Wetting angle degrees
10 6F10.5 QMAX Maximum heat transport w
PERF Performance factor -
FSAFE Safety factor ' -
] HIGH Elevation between the cordenser end and m
evaporator end ’
* Card 8 is needed only when the value of card 4 (5) is an integer smaller than 1
and the value of card 4 (2) is an integer greater than 1,
! C.1-23
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Input
Card
No. Format

Fortran
Name

11 3F10.5

12 4E10.4

13 3E10.4

14 213

15 5E10.4

SIGN

VCID
XLEV
XLAD
XLCO
XOD

TMN

DELM

EMAX

XKP
RPE
CRPE

HESL

HCSL

Description

" Sign convention , +]1 positive elevation

~1 negativ2 elevation
Void fraction of the wick material-
Léng-th of the evaporator section
Length of the adiabatic section
Length of the condenser section
Outside diameter of the heat pipe
Minimum wall thickness of the heat pipe

Minimum wall thickness of the storage
reservoir

Mazximum allowable radius of the storage
reservoir

Density of the heat pipe material

Yield stress for the heat pipe material-
Thermal conductivity of the wall material
Mesh size of the coarse wick material
Mesh size of the fine wick material
Permeability

Effecfive pumping radius for heat transport
Effective pore radius for self-priming

FEvaporator film coefficient of slab wick
heat pipe '

Condenser film coefficient of slab wick
heat pipe

kg/m
N/m

W/m °K

m
m

w/m2-°k

w/m?-°k

* Card 14 to Card 15 are needed only if the value of Card 4,(4) is equal to one.
: |3
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Input )
Card - Fortran

No. Format Name

16 . 4E10.4 D1
D2 .
RI_'IOWI
RHOW2

17+ 13 OTAR

18** 5E10.4 XMCWD

STINC

HEAR
HCAR

19*** gE10.4 XMCWD

STINC
RPE -
H
HEAR |

HCAR

Description

Diameter of the coarse wick material
Diameter of the fine wick material
Density of the coarse wick material

Density of the fine wick material

Control Card

1 for closed artery
2 for open artery

Minimum wick thickness (i.e., diameter
of the artery) :

Step increment for wick thickness
Pedest'al.height of arterial wick

Evaporator film coefficient of arterial wick
Condenser film coefﬁciént of arterial wick..

Minimum wick thickness (i.e., diameter
of the artery) :

Step increment for wick thickness

Effective pumping radius for heat transport
Pedestal heiéht of arterial wick
Evaporation film coefficient of arterial wick

Condenser film coefficient of arterial wick

Unit

kg/ m3

m

m
w/m?2-°x
w/m2-°k

m

m
m
2
w/m“-°k

W/m2-°k

* Cards 17 to Card 19 are needed only if the value of Card 4 (4) is equal to two (2).
** Card 18 is not needed if the value of Card 17 is equal to 1.
xi*k Card 19 is not needed if the value of Card 17 is equal to two (2).
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Input

Fortran

Card
No. Format Name
20 2E10.4+ D1
RHOW1
21% 3E10.;l XMCWD
STINC
XKLIQ
22% 2E10.4 D1
RHOW1
23** 3E10.4 RPE
XKP
XKEFF
24%* 2E10.4 D1
RHOW1
és*** 8E10.4 ARMAX
ARMIN
WMAX
WMIN
TLMAX
TLMIN

Diameter of the wire of the screen mesh
Density of the wick materinl

Minimum wick thickness (i.c., distance

between the wick and the tube wall)

Step increment for wick thickness

Therma'l conductivity of the working fluid
Diameter of the wirc of the screen mesh
Density of the wick material

Effective pumping radius for heat transport
Permeability

Effective thermal conductivity of the liquid
and wick in circumferential wick heat pipe

Diaueter of the wire of the screen mesh
Density of the wick material

Maximum value of aspect ratio of the groove
Minimum value of aspect ratio of the groove
Maximum value of the groove width
Minimum value of the groove width

Maximun value of the land thickness of the
groove

Minimum value of the land thickness of the
groove

Unit

kg/ m°

m
w/m-°K
m
kg/ m®
m
2
m

W/m-OK

m

kg/ m3
m
m
m
m

m

* Card 21 and 22 are needed only if the value of Card 4 (4) is equal to three (3).
** Cards 23 and 24 are needed only if the value of Card 4 (4) is equal to four (4)
*** cards 25 and 26 are not needed if the value of Card 4 {4) is equal to five (5).
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Input
Card Fortran

No. Format Name

HEGR
HCGR

26*** 2I3 NDAR

NDWD

Description

Evaporator film coefficient of the grooved

. heat pipe

Condenser film coefficient of the grooved
heat pipe

Number of groove aspect ratio

Number of groove widths

Unit

w/ m2-°K

2.0

W/m“-"K

**% Cards 25 and 26 are not needed if the value of Card 4 (4) is equal to five (5).
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NITROGEN

ALUMINUM aLLOY 6u461-T6

HOMOGENEQUS WICK AGAINST THE WALL (200 MESH SCREEN)
e 2 2 &4 1 2 ’

¥

80, 300, 10,0 :

0.0000E+00 . ;

©e0 1.0 2.0 400254 140 0.7 5
Va2 0.8 0.2

142700 ~02849000E~048.9000E~-045.8000E~ 02 ;
27000c+032.7500E£+981,6000£+02 I
77000F~116.850GE-051.4000E~01 :
5e3300t~-052.235006+03

Table C.1-3. Sample Input Data for a Homogeneous Circumf{zrential Wick
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NITROGEN

ALUMINUM ALLOY 6061-T6

AXIAL RECTANGULAR GROOQVED HEAT PIPE
06 2 0 5 1 2

80. 300. 10.0
B40000E*025,9000E+001,3500E+058,2000E~03]1 ,4480E=045,3400E~06
2840 let '
-GOOOUOE’OO
0.005 1.0 2¢0 « 00254 1.0 0.7
0.2 Oeb 0.2

162700E~028¢9000E=048,9000E=-045.0800£~02
2+T000E+032+7600E+0816000E+02

145000E+400540000E=01746200E-0444060CE-04501000E~043,8100E-043+8000E+4027.6000E+02 |
3 3

62-1°D

Table C.1-4 Sample Input Data for a Axial Groove Wick




NOMENCLATURE

Symbol ' - . Description

A Area
A, A,, B, B, Constants for Beattie~-Bridgman Equation
D : Tube diameter
Dp Hydraulic diameter
1  Pressure drop ratio
" Wicking height factor
Permeability
Length
Transport factor
Pressure i
Wetted perimeter
Axial heat flow rate
Radius, tkermal resistance
Reynolds number
Gas constant ,
Safety factor ' i
Temperature : !
Volume ' :

i)

®

<HuTDTBOWYW 2

Constants for Beattie~-Bridgman Equation
Friction factor

Acceleration

Heat transfer coefficient, elevation
Thermal conductivity

Mass

Pumping radius

Thickness

Groove width

»
&
o

g npgwEom -

Greove half angle

Heat pipe orientation with respect to gravity
Ratio of specific heats

Groove depth, thickness of wall of storage volume
Porosity -
Gravity factor

Contact angle

Heat of vaporization

Dynamic viscosity . :
Kinematic viscosity :

Density

Surface tension

AT R 33 mney

.
'
i
i
i
i
i
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Subscrlp_ts'

b b 1 e Wt e ) et Db AP ]

Symbol _ Description
a - Adiabatic
an _ Annular wick :
c . Condenser ;
cir . Circumferential wick ;
e Evaporator ‘ :
eff ’ Effective i
ext External
hp ) Heat pipe ;
i ' Index, individual
int ' Internal :
1 Liquid
max ' Maximum :
min Minimum :
req - Required :
sp Self-priming :
st ' Storage volume ;
t Total
v Vapor
w Wick :
w ' Wall
é
. !
i §
i
!
C.1-31
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Kgpendix A. Flow Diagram of
Heat Pipe Analysis and Design Code
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CALC THE
INTERNAL
PRESSURE

USE BEAT TIE - BRIIGMAN
EGUATION TO CALC THE
. INTERNAL PRESSURE

CALC TUBE THK FOR
CONTAINMENRT

(1 eqo’

RADIUS OF SPHERICAL
STORAGE VOLUME =
RADIUS OF THE HEAT PPE

Y

Tragd € Trun

PERFORM ThE YHERMAL
ANALYSIS FOR EACH —

WALL THICKNESS

CALC t,qqa B CALC THE INTERNAL PRESS.
SPHERE THR H—-j USING IDEAL GAS LAW OR treqd ° 'min
(Srqqq’ BEATTIE - BRIDGMAN EQ
) '
RADIUS OF THE STORAGE PERFORM
VOL: RADIUS OF THE STOR WEIGHT
VOL + INCREMENT CALCULATION
t | ]
OouTPUT OJTPUT
freqd = Tmin WEIGHT WEIGHT
PARAMETER PARAME TERS
? v
PERFORM PERFORM
Sreqd < Bmuin WEIGHT THE THERMAL
CALCULATION ANALY SIS
f 1}
Yy
STORE THE cuteut
Breqd “3min WALL THERMAL
THICKNESS PARAME TERS
stoP

A ORI
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Appendix B, FORTRAN Names _ ;
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Fortran
Name

HD1, HD2
HD3, HD4,
HD5, HD12
HDs, HD7,
HDS, HDS9,

HD10, FD11,
HD13, HD14,
HD15, HD16

MORE
OPWT
DATA

CTOW

STATE

FLUID

TEMP -
TMAX
DT
RHOL
RHOV
XLAKD
SIGMA
XMUL
XMUV

Description

Headings (working fluid)
Headings (heat pipe material)

Headings (type of wick)

Control Point, integer = 0 for last set of data,
otherwise interger = 2
Contro}l Point, integer < 1 without weight analysis,
otherwise integer >1
Control Point, integer <1 no data acquisition code,
otherwise integer >1
Control Point, type of wick geoinetry
1 slab
2 arterial ~
K] annular ]
4 circumferential
5 axial grooves
Control Point, integer >1 use Beattie-Bridgman
Eguation, integer < 1 use Idezl Gas Law
Control Point, type of working fluid
1 hydrogen '
nitrogen
oxygen
water
arimonia
methanol
acetone
freon-21
sodium
10 potassium
11 lithium
H - mercury )
Operating temperature K
Maximum system temperature ) K
Maximum allowable vapor temperature drop °x

© IO WU

Units

Liquid density kg/m®
Vapor density ) kg/m3-

Latent heat of vaporization

Surface tension _ N/m

Dynamic liquid viscosity
Dynamic vapor viscosity
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Fortran

Name Description Units-
XMW Molecular weight of the working fluid kg/mole
GAMMA - Ratio of the specili¢ heats
ASO Constant {or Beatfie--Bridgman Equation
SA
BSO
SB
sC
PHI Wetting angle degrees
PIH Wetting angle radians
QMAX Maximum heat transport w
PERF Performance factor
FSAFE Safety factor '

HIGH Elevation between the condenser end and evaporator m

end ‘
SIGN Sign convention, +1 positive elevation, -1 negative

elevation : )
VOID Void fraction of the wick material
XLEV Length of the evaporator section m
XLAD Length of the adiabatic section m
XLCO Length of the condenser section m
XO0D Outside diameter of the heat pipe m
TMIN Minimum wall thickness of the heat pipe m
DELM Minimum wall thickness of the storage reservoir m
RMAX Maximum allowable radius of the storage reservoir m
RHOM Density of the heat pipe material kg/m3
STRES Yield stress for the heat pipe material N/m?
WALLK Thermal conductivity of the wall material w/m°K
1I Indicator

" IND Counter for performance parameters _
QTRAN Maximum heat transport requirement w
XLHP Length of the heat pipe m
XLEFF Effective heat pipe length m
QPRED Maximum heat transport requirement (including w

the performance factor)
XD Inside diameter of the heat pipe m
AE Internal area of the evaporator m?
AC Internal area of the condenser _ m?
RHEAD Required head of self-priming for slab wick, m
circumferential wick, and amnular wick
XNL Liquid transport factor W/m?
11 Mesh size of the coarse wick material ’

“I2 Mesh size of the fine wick material .
XKP Permeability ' m®
RPE Effective pumping radius for heat transport m
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Fortran

Name

CRPE
HESL
HCSL .
D1 & D2
RHOW1
RHOW?2
XMCWD
cwi
CPCOR
CCORE
CPGHD
BODY
OTAR

STINC
H
HEAR
HCAR
DMAX

XKLIQ
XKEFF

SONIC
"ASONIC
NL
EHEAD
B
THETA
C
AV
CHEAD
AW
wp
DRV
ARC
HAE
HAC
DHL
QLMAX

QLMOG

A, S

Effective pore radius for self-priming

Evaporator film coefficient oi slab wick heat pipe

Condenser film coefficient of slab wick heat pipe

Diameter of the wires of the screen mesh

Density of the coarse wick material

Density of the fine wick material

Minimum wick thickness

Wick thickness

Capillary pumping pressure for self-priming

Self-priming head

Capillary pumping pressure for heat transport

Body force

Conirol card
(1) for closed artery
(2) for open artery

Step increment for wick thickness

Pedestal height of arterial wick

Evaporator film coefficient of arterial wick

Condenser {ilm coefficient »of arterial wick

Maximum allowable dian.cter of artery for self-
priming

Thermal conductivity of the working fluid

Effective thermal conductivity of the liquid and
wick in circumferential wick heat pipe

Sonic velocity at operating temperature

Minimum allowable vdpor area for sonic limit

Indicator

Equivalent pore radius for self-priming

Half of the wick thickness

Angle

Chord length

Vapor area

Net capillary pressure for heat transport

Wick area

Wetted perimeter of liquid area

Hydraulic diameter of the vapor

Arc length

Evaporator film conductance

Condenser film conductance

Hydrautic diameter of the liquid

Maximum heat transport factor in "1-g"
environment

Maximum heat transport factor in "0-g"
environment

C.1-40

Units
w/m*’K
W/m™°K

kg/m3 .

m

W/t °K
W/m? °K

Ww/m °K
-

wW/m K

W/K
W/ K

W m

Wm'




Fortran
Name

REYND
" DIFT
QMAXC
QMAOG
DQDH
AETD
ACTD

" XQ@ND)

- XA(IND)

XB(IND)
XL{IND)
XQL{IND) -
. XARC(ND)
. XDIFT{ND)
AREA
AREAL
VTD
LAYER
XMFLD
VoW
WTW
ETD
CTD
c1
- }
c3
CHECK
QT{)
AN
DA
QTEMP(I)
ARMAX
ARMIN
WMAX
WMIN
TLMAX
TLMIN
BEGR
HCGR
NDAR
NDWD
DNAR
ARINC
DAR(Q)
. DAWSP()

Descrigtiou

- Reynolds number

Vapor tcniperature drop

Maximum heat transport in "1-g" environment
Maximum heat transport in "0-g'" environment
Slope of heat transport versus evaporator elevation
Evaporator temperature drop

Condenser temperature drop .

Temporzsy storage space for QMAXC
Temporary storage space for AV

Temporary storage space for CWD
Temporary storage space for AW

Temporary storage space for QLMAX
Temporary storage spaca for ARC

Temporary storage space for DIFT

Vapor area

Liquid area

Vapor temperature drop

Number of layers uf screen mesh

Mass of the working fluid

Actual volume of L. wick

Weight of the wick

" Evaporato= ‘emperature drop

Condenser temperature drop
Conslants for turbulent vapor flow

Counter for iterations when vapor is turbm=nt

Temporary storage space for Qmax

Constant for turbulence calculation

Derivative of turbujent transport equation

Temporary storage space for Q.pnyx

Maxiinum value of aspect rail)

Minimum value of aspec: » tin

Maximum value of the groove % Jth

Minimum value of the greove 1 xh

Maximum value of the land thickner=

Minimum value of the land thickaless

Evaporator film coefficient of the grooved heat pipe

Condenser film coefficient of the grooved heat pipe

Number of groove aspect ratios

Number of groove widths

Number of groove aspect ratios ~

Increment for the aspect ratio

Aspect ratios

Maximum allowable width of the groove at an aspect
ratio for self-priming

C- 1"41
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m? °K

m® °K
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Fortran
Name

DREQ
DNWD
WINC
‘PA
XYZ(J)
DEP(J)
SRV
NMAX
NMIN
XK
DXL (K}
BASE
SAV
SAl
AGO
AMO
ALO
GVOWI(K)
ALAND
DDI(K)

EE1(i)
FF1({K)

GG1(K)
HHI1(K)

DGM(K)
DWICK(K)
NGI1(K)
NG2(J)
BB2(J)
ccz(J)
DD2(1)
EE2(J)
FF2(J)
GG2(J)
HH2(J)

PP2(J)

Description

Required pumping height

Number of groove widths

Increment for the groove width

Groove width

Groove width

Groove depth

Intermtl radius of the grooves

Maximum number of grooves

Minimum number of grooves

Number of grooves

Land thickness of the groove

Base thickness of the groove

Vipor aren

Vapor area

Area of one groove

Meniscus area of one groove

Liquid area of one groove

Total liquid area

Total land area

Maximum heat transport factor for
geometry in "1-g'" environment

Maximum heat transport for groove geometry
in "{-p" envivonment

Maximum heat tvansport factor for groove
geometry in "o-g'" environment

Maximum heat trausport in "0-g" envnonmcnt

Stope of heat transport versus evaporator clevation
in "l1-g" environmaeut

Mass of the wovking uid

Weight of the land of the groove

Number of grooves

Number of grooves

Groove width

Land thickness

Maximum heat transport factor for groove geometry
in "1-p" environment

M'l.\nnum heat transport for groove geometry in
"l-g" environment

groove

Maximum heat transport factor for groove geometry

in "0-g" environment

Maximuin heat transport for groove geometry in
"0-g'" environment

Slope of heat transport versus evaporator elevation
in "1-g" environment

Mass of the working fluid

C.1-42

Units i
m

m
m
m
m
m

m

m

m
m?
m

ny

m
me
m
Wm

ALY
Wm

w
W m

kg

m
m
Wm

W m
w

W m '

kg
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Fortran
Name

QI
RR2(J)
GVOW2(J)
DXL)
NG(I)
DG1(I)

DG2(T)
DG3(D)

DG4(T)

[
o
-y

DG5T)

DVTD(l)
GVOW3(T)
NSTOR
STOR1 to 13
NCAAE
STHIK(I)
THICK(I)
CONST

BAW
RS
WTS
DELR
BDELM
BRHOM
BRHOL
BR
BXID
BXLHP
BRMAX
BXODL
BTEMP
BTMIN
BXMFL
SPVOL

5

EpsI
PRES
BPRES

—tr

Weight of the land of the groove
Vapor temperature drop

Total liquid area

Lund thickness

Number of grooves

Maximuim heat transport factor for groove geometry .

in "1-g" environment

Maximum heat transport for groove geo:uetry in
"j-g" environment : '

Maximum heat transport factor for groove
geometry in "0-g" environment

Maximum heat transport for groove geomatry in
"0-g" environment

Slope of heat transport versus evaporator
elevation in "1-g'" environment '

Vapor temperature drop

Total liquid area’

Temporary storage space

Temporary storage space

Case number

Wall thickness of the storage reservoir

Wall thickness of the heat pipe

Gas constant

Wick area

"Internal radius of storage reservoir

Weight of storage reservoir

Required wali thickness of storage reservoir
Minimwum wall thickness of storage reservoir
Density of the heat pipe matevial

Density of the working fluid

Internal radius of the heat pipe

Internal diamneter of the heat pipe

Length of the heat pipe

Maximum allowable radius of storage reservoir
Outside diameoetcr of the heat pipe

Maximum system temperature

Minimum wall thickness

Mass of the working fluid

Specific volume

Coefficients of Beattie, Bridgman Equation

Internal pressure of the syétem
Internal pressure of the system

C.1-43
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£ £ £ £ 2,3
S

Units

3

g

mﬁg
1b/ft

Cft

m
m
ft
ft
°k
ft
kg
/g

atm or N/m?

psi or Ib/ft®
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Fortran

Name

BTRED
TRED
BVHP
WTL
WTH
WT.
BINCR’
BVST
BVTT
DEXT
DINT -
AEXTE
AEXTC
EWTD
CWTD
TTD

Calculated wall thickness of the heat pipe
Calculated wall thickness of the storage reservoir

Volume of the heat pipe

Weight of the working fluid

Weight of the heat pipe

Total weight

Increment for the radius of the storage reseivoir
Velume of the storage reservoir

Total voluma of the system

Outside dinmeter of the heat pipe

Inside diameter of the heat pipe .

External area of cvaporator

External area of condenser

Temperature drop across the evaporator wall
Temperature drop across the condenser wall
Total temperature drop of the system

ft3

Uiiits

e




-~
'

Appendix C. Program Listing :

C.1-45




ap-1"2

OIMENSION XC(20014KAE2000,XRI200) XL 1200) e RUL£200),0T13)
DIMENSION AU} oDA(D),QTEMP (5o XKDIFT{ 2000, XARC(20Q0)
UIMEASION DARL200),DANSP{200)yDRECI200)9XY2L200),DEVE200),DXL(200)
DIMENSTUN ODL{20001,EEL(200)9FF LI200),GG1L200).HHIE200),0CHL20U)
UIMENSION DGw(200)4DWICK(2003,NG10200),nG21200),882(200),CL2¢(200}
OIMENSION DD21200)¢EE2(2001,FF212G0D4GG(200),HH2(200),PP2{200)
DIMENSEON 0Q./{2003,NG(2001,D0112001426202001,5G3(2001,0048200)
OImENSION DGYL2001,NCASELZ00),DVIDLZCC),RR212001}
UIMENSICN GVUNL11200),GYOR2{200),GYUM3{200)
INTEGER OPWT,0TOMOTAR,DATAWSTATE,FLULD
500% FORMAT (L10AGL)
498 FORMAT (613)
5010 FORMAT (8F10.5)
5009 FORMAT (BE10.4)
61 FORMAT (/777 24 1T NP U T D ATA (e L0AS,LHN
&3 FORMAT (/719H TUBE MATERIAL 1546}
6% FORRAT 1/72E20.7410%4F4.2) )
TO FORNAT [/74E20.7)
176 FORMAT (//72Xy10A6)°
607 FORMAT (/E20.7315X4E20.T424X+E20.7)
609 FORMAT {//23H WIRE DIAMETER OF THE 134394 MESH SCREEN WIRE
10TAMETER OF THE o13,15H MESH SCKEEN{M))
610 FORMAY (/E20.7,21X4€20.7)
611 FORMAT (//1TH DENSITY OF THE ,13440H MESH SCREEN{XG/M-K-M) DENS
LITY OF THE 2134224 MESH SCREEN(KG/M-M-M)}
T8 FORNAT (//18H WORKING FLUID = ,2A% s4H AT ,F9.243HIK]}
622 FORMAT {/4X¢Fbal)
623 FORMAT (/4%.F8.3)
€9]1 FORMAT (/4X,F10.2) -
86 FORMAT (/7//T6H S € L F -PR LM ING REQUIREMENT
T CIN 3G WIYH ELEVATION OF,E20.7,4HIM)) )
634 FORMAT {/E20.7,20X,E20.7,13X,E20.7)
837 FORMAT (/7E20.7259X4£20.7)
202 FORMAT (/E20.7410X,E20.7!
50 FORMAT 4/7/7/7/51H HE AT TRANSPORT ANALYSITISUH
151040y 1HN)
10 FORMAT (*1*)
60 FORMAY (/777/* HWE AT PIPE ANALYSITS AND
IDE ST GHN (HPAD)')
62 FORMAT (/7/7/° MHE AT P 1PE PROPERTILES®)
720 FORMAT (/7% THERMAL CONDULTIVITY(W/M-K)')
64 FORMAT (77° YIELO STRESS{N/M-N} DENSITY(KG/M-M=N) CONTAIN
1¢R SAFETY FACTOR®)
66 FORMAT (//* OUTSIDE OIAMETER(M) MIN. WALL THICKNESSIM)®)
68 FORMAT 77" LENGTH OF THE HEAT PIPE SECTIONS®)
69 FORMAY (//° EVAP(N) AD(M) COND
LM TOTALI{NI®}
AU0 FORKAT (////° GEOMETARY GF THE STORAGE
LVOLUME"
TL FORMAT (/7% RACIUS(M) OF MAX., STORAGE VOLUME'}
73 FORMATY (//7/7% w1 LK GEOMETRY"
605 FORMAT (/7% Yal0 FRACTION OF THE WICK®)}
606 FORMAT (/7' PURMEABILITY{M-M) €FF, PUMPING RAD. FOR HEA
1T TRANSPDRT (M) EFF. PUMPING RAD. FOr SELF-PRIRINGIMIY)
608 FORMAT (//% RIN. THICKNESS OF THE WICK(M}')
616 FORMAT (/7% MIN., DIAMETER OF THE ARTFRY(M)?)
615 FORMAT (//7* WIRE DIAMETER OF THE SCREEN({M]®}
617 FORMAT (/7% DERSITY OF THE SCREEN WIREIKG/M-M-M}*)

618 FURKAT (771
619 FORMAT (/7/¢
620 FORMAT (/7/*

FFF. PUMPING RAD, F HEAT TRANSPURT(M)®)
MIN. DISTANCE BETWELN THE WALL AND THE wICK(M)®)
PERMEARILITY(M=N) EFF. PUMPING RAD. FOR HEAT TRA

INSPORT AND SELF-PRIMING(M)®)

TT FURMAT (/7°
621 FURMAY (//°
4622 FURKAT (/79
7128 FURMAT (/7°?
T30 FURMAT (/7

FLUTLID PROPERT [ ESY

MOLECULAR WEIGHT{KG/MOLE}?)

THE RATI0 OF SPECIFIC HEATSICH/CYI®)

THERMAL CONDUCTIVITY{W/M=K}*)

EFFECTIVE THERMAL CONDUCTIVITY OF THE llOUlD AND THE

IwlCK{W/N-K)*)

62% FURMAT L//°
19 FURMAT (/7°
Bl FORMAT (7/*
€35 FORMAT (//*

184 FORRAT (7/7°

CONTACT ANGLE(DEG)®)

SURFACE TENSION(N/N) LATENT HEAT(J/KG)*}

LI1Q. DENSITYIXG/M~H-H) VAPOR DENSITY(XG/M-M-NK)*)
LIQ. VISCOSITYUIKG/N-5) VAPOR VISCOSITYIKC/M-S)*)
LIQUID TRANSPORT FACTOR(M/M-M) *)

888 FORMAY {2///7% P ERFORMANKCE REQUIRE l ENTS'

889 FORMAY (//¢
4202 FORMAT /¢
890 FORMAT (/7°
143 FURMAT (/70

85 FORMAT (/7///* DU TPUT

633 FORMAT (/7/7°
1 HEAD(NM)
635 FORMAT (//°

16N} )
636 FORMAY (7/¢

1 FOR REQUIRED HEAD{M}

200 FORMAT (//7°
201 FORMAT t/7/7¢

1) FOR SONIC LIMITATION®}

ELEVATION(R)®)

PEDESTAL HEIGHT(M)*}

MAX, TEMPERATURE(X)®)

MAX. ALLOWABLE VAPOR TENPERATURE DROPIK)®)

DATAY)

PAX. CAPILLARY HEAD FOR SELF~PRIMINGIM) REQUIRED
EQUIVALENT EFF, RAD, FOR SELF-PRIMING(R)®}

MAX. ALLOWABLE DIAMETER OF THE ARTERY FOR SELF~PRININ

MAX. ALLOWABLE OISTANCE BETWEEN THE WALL AND THE WICK
REQUIRED HEADIM)®)
SONTC LIKITATILONY
SONIC VELJCITYIN/S) MINIMUN VAPOR AREAIN-R

4630 FORMAT (/79 THICKNESS OF VAPOR TEMP  EVAPORATOR CON
JOENSER {Gel) 16=1) 16=01 . (G=0}
2 (Cedd)

4631 FORKAT (//¢ DIAMETER OF VAPOR TEMP  EVAPURAICR CON
LOENSER te=1y to=11 t6=0) 16=0)
2 (Gs1)e)

4632 FORMAT (//* DiSTANCE BETWEEN THE VAPOR TEMP  EVAPORATOR coN
1DENSER 1G=1) 16:1) {G=01 tG=0)
2 (G

6633 FORMAT (¢ NALL AND THE WICK proP T1ENP DROP TEN
1P DROP (QUEFF ) MAX QUAK (QUEFFIMAYX ° QMAK
2 (DQ/DH)*) :

11 FORMAT (/¢ (L)} tk) tx}

1K) (W-M} tw) 1N} (Tl
2 i) ’

3630 FURMAT  (* THE W1CK oroP TENP DROP TEN
1P DROP (QLEFF JMAX QnAX (QLEFF JMAX qQuax

2 (bo/OM)*)

23 FDRMATY (/7¢
31 FOURKAT (/77°
1) 1s")
126 FORMAY t/7°¢
26 FORMAT (/7*
INY IS%)
424 FURMAT (/77°
LREQUIREMENT
425 FORRAT (//°

NO AREA EXITS TO SATISEY XMAX(W) REQUIRMENTS)
- QMAX{W) REQUIREMENT {INCLUDING THE PERFORMANCE FACTOR

THE PERFORMANCE FACTOR iS*)
THE KAX. VAPOR AREA(M~M} TD SATISFY QMAX{W} REQUIREME

le MIN. THICKNESS(M)} QF THE WICK TO SATISFY QMAX(W)
15
THE MINe DEAMETER(M) OF THE WICK TO SATISFY QNAXIM) R

LEQUIREMENT IS¢)



61D

428 FORMAT {/7/7° THE MAX. DISTANCE (M) BESwEEN THE wALL &MD THt WifE JO
1 SATISFY QMAXIM) PEQUIREMENT [59)
#01 FUAMAT (/E16.343%,8E14.3)
132 s0umAl (/TX,F4.2)
595 FURMAT (ZE20.ToIHoU3,12A LAYER(S) OF g I3elH=gl 34141 PESH SCREEND )
TT2 FCRRAT (JE20.799K4E20.T9920E20aT)
806 FURMAT (/E1ba3s3Re3E 16030 8X cHNoRL 2 ok it 3yhR hiNohay2Xst 160 349X,
Lannaa,)
T22 FORBAT [/5K,820,7,164,£20.7)
14 FORPMAT (/F20.2,20%,E20.70
99 FUVMAT (/74K l3s5X s 13070078020 TX0b000ads sXsEL0.342XeFl034AX U4
IXgE10.306K,E1003,50,7¥05.3)
91 FORRAT (//% TvE NIN, AREALM=R) TO SATISFY QMAX(wW) P (]3]
‘legl lz';-, THE MIN, LEQUIL AREAL ) 0% Q ) PEOLI
93 FORMAY (/7% mASS DF THE WLRRING FLUID KEQUIREDIXG)®)
145 FORMAT (/7% VAPDR TEWPERATURE DRODPIY.) EVAPURATCH TEmP, DRLPIY)
3 CORDENSER TERP. OPOP(X)®) . .
150 FOPMATLY7® FLOM® 15 MUW TURBULENT (REYN(AD NU. GREATER THAN 2
12006).%}
203 FORMAT L//% WINIMUR MICK AWES VIOLATES Tt SUMIL LEMITATION, HO
1HEAT TRANSPORT AND WEIGHT AMALYSES ARE PRESENIED * )
13 FORMAT 1//% THE mAR, AND MIN. VALUES UF ASPELT RATIO OF THE CROUDV
LE(CPOOVE DEPTHIGROOVE wWIDTHIY)
16 ENRMAT (//* THE MAX, ANO M[N. YALUES OF Tuk (RONYF WwIGTHIN}®)
1S FOOPRMAT (/77 IHE RMAK, AND MIh, YALUES OF Tnf LANO THICYNESSINM)Y)
P21 FUKMAT (/7% EVAPURATUR FILM CUEFFICIFNT(w/Mn-K) LUMDEN LR F
LILR COFFFICIENTLw/M=PR=K )"}
16 FLRMAT £/7/7° Thnt ASPELT KATILY GF THE GRODVE
1RDUYE WIDTH FUR SELF~PRIRINGINY ¢}
LT FURmAT (° {GRGUVE CEPTH/GRGUVE wIOTH)* )
35 FORMAT (//°

PAX. ALLOwABLE ©

1 (Ga}}) th=l) 1620) 1G20)
20Ca13")

38 FUPMAY {/° CASE LRODYE  ASPECT RATJU GRONDVE LANG
1 (OLEFFINAX UnAY LOLEZF InAX LLTY v
2970 )

37 FORARAT (* NQ. L 1+1% {UEPTH/WIOTHY WIDTHIM) THICYNES
18113 (=-m) (W) {w-n) (a) t
2u/n)ry

54 FOKMAY t77°  THE CASES wHICH SATISFY THE QRAXIW) REQUIRERINT APT L
1157 A5 FOLLOMING®) .
55 FLRMAY (/¢

i tCaldr)

56 FOAMAT (/° CASE CKOOVE  ASPECT kaTlO L2UUYE LANWE
1 LYY mASYS IF THE YAPUR TEMP, EVAPORATOR CINDEN
25€k?)

5T FOeMAr (?® nhe L1s% tUEPTH/wiuTH) PILTHINY  THICPNESS
iny i) FLUILIFG) oLk Teve OrLPiv) Tiwo (

F{UTIT SRS
T FORMAT {7/%  EVAPORATNK TE¥P, LEOP{K)
59 FUaMAT (/&Ko 1355X,13,T89Fba203Xs 14,3}
500 «tAD (5,%705) HOD1,M40L2
LAY 2
wlle t5010}
®f ADE995%05) MU MDA MLS,HLLER
@ERG (99907191 MLEVHOT (MU MO e MU LG R L LanN L 3aMDI& o HLES HULG
AEAD 150478) PLRE IPuT LATA T Mg 5TATE FLULD
PERD 15,9010) T5mp,Tean, ot

CUMIENSER TENp, ORNOPER)®)

SulL

5723
502z

330

9004
9002

m
1331

1332
1333

332

IF (UATALGT.L) GO T2 5011

KCAD (5,5009) MMOL (RHOV, XLAND, SIGHA, XMUL ¢ ZRUY
READ 9,5010) Xnu,GARNA

Gu Tu 5023 ’

LoUPPa2 . )
CALL  UDAC [FLUIDILSUPP o LOUT ¢RHUL ¢KHUV ¢ KLAYD 4 S1GHA o XMUL o INUV 4 TENP, P
LVeKRuy,CARSA)

IF (LOULT.%T.1) GG 10 )

IF 15TATELEQLY) OO 1D 5022

HEAD 19,5009) A50,5MB50,58,5C

MEAD (5,5009) Pt

PHI=PH1#3.14159/180.0
PiHsPHI®180.0U/3.14159

"KEAD {9.5010) OMAX,PERF FSAFE,HICH, SIGN, VDID
READ {5,5010) XLEV,XLAU,XLLQ

READ 15,5009) 20D, .MIN,DELP, RMAX

REAU (5950091 RHOM, STRE S, wALLR

=1

IMDe O

QTaANQMAX

KLHPxRLEVeXLADSALCO
RLEFFaXLADSALEV/2.002LL0/2.0
QPRED=GMARCPERF

UeLPUED

JIO=XOD~2.00TMIN

A XID®3.141598KLEY

AC=XIU®3.141590XLCO

RHEAL=X1DsSIGNOHIGH
AMLaSILMASKLANDS RHOR / XNUL

2agliLr2.0

HSAMICHOS TGN

G0 TU 1330,331,332,333,12),010u

REAC (5,698) [1,12 .

READ 1%,5009) RKP,RPE,CRPE,HESL ¢HESL

READ 15,5009) D1,02,RHOW1AHOB2

IF (11.€0 120 GO 10 9GO0
EMCWD=2.00(0142.00D2)

GO 10 9002

IMLWy=2. 00

Co=aml, ol

CPLON2.00SILNASCOSIPHI)/LRPE
CLOREFCPCOR/ (RHOL®9 .81

CPGHU 2,085 IGRARLASIPHE N /RPE
BO0YRHOL®Y. H® I XJD+ ST CNOHIGH)
CHEAD=CPGHO~BLDY

o 10O 334

VAL 15,493) DIAR

GO 16 £1332,15310,.7aR

READ (5350091 KMCUO, STINC \HyHEAR JHEAR

20 T 1333

PEAD 15,5009) RRCHD,STINC APELHoHEARJHC AR
RLAD 15,5099) UleoHiwL

Cuye XNt U

AraHe LI GMAMILKH

LA (AHERMILAL G0 TCRASCOSIPHE )/ ERHLL Y, B} 1080 9~AH) /2.0
CCuMlsiMARSAN

W T 334

PEAUCY SGLY) ARCuD 5T TN HPLIG

v Aie mAmae e Tew v



gt -1

1

336

401

602
612

2EADL5.5U0?) DlontQwl

CulsxuCuD
UMAX=2,Q0SEGMASCOS({PHIIZIRHULOG.BO{X[DsHIGHS 51LN])
CCURE s LNAR

RHEAD=XJO¢HIGH® SN

G TG 334

READ(S,5UQ091 RKPLR2E 4 XKEFF

READ{S5,9009) [1,AHUNL

AnCuu=2.0001

Cup=xprinb

CPGHU2,00SI5MASCUSIPKH]II/APE
BUDY=RHUL 99,24 XTUSSIGNIHTLH)

CHo A= CPGHU~BUDY

CCORE=CPLHD/LRRULES .0}

PHEADRRID$HIGHOS IGH

D250,0

SUNICS T LOAMMASTERPEL . 201 545,33032,2/X%u}e00,5)00.30408
ASOUICAPERFOCHAX®{2, 09 (GARNASL U} I®80.5/ [ XLANDORHLY®SONIC)
Kist

wRI{TVE (64510)

wRITE (6,60}

WRITE 16s61) MDH,HOT,HDS MDY, HOI0, D11 HDI3,HO14,HCL5,HDLE
MRITE (6,62)

"HMRITE (6,63) HDI HULAHOS,HCL2

wrile t6,7200

WITE (6470) WALLK

WRITE U&,664)

SAITE (64650 STRES RHOR, FSAFE
MRITE (5,660

wh[TE 16,700 XGO,TRiN

WRITE [6,68)

WRITE 16,6%)

MAETZ (6470} KLEVXLADGXLCN¢XLHP
WRITE 16,400}

wRITE (6,710

WRjTr {6,70) RPAX

wRITE te,100

wRITE (6,73}

WREITE (&5178) HOO,HOT+HOB, MO MI104HCLL HD1DI,HOLA,HO15,HD16
waite 16,6091

MRITE (L,623) VCID

G0 TO (601,602,603,606),0704
MRITE 16,4060

MRITE 16,5607} XKP,PPELCRPE
wllc (b,%08)

WRITE (6470} ZMCwl

aPLVTE 6,009} 11,12

WRITE (6y6l0) Ul G2

wd]TE th,b611) (1,12

wWRITE 16,6100 RHC4l,AHDW2

%0 ru T0%

GO Tu (613,612),07AR

while lay614) .
wh Tt (6,70} XWlwl

MRITE L&yhsl™)

wPiTE (a,70) Ut

wtife {6,0110)

WRETE {6,703 vuOul

613

603

604

ros

327

725

12¢

17

e

ot Tij
witiTe
kil
wit]Tt
wRiITE
Wi iTe
wR{T¢
et
wiTE
G Tu
LLER IS
wH[TE
wRITE
wRETE
WRITE
W iTt
[A: 38 1]
W lTE
WRITE
WR1TL
wRITE
WRiTE
(13843
MRETE
walTE
WPITE
WRETE
WRITE
wRITE
WRITE
GU TV
we Tt
wRITE
[P1s 38 ¥]
wetrs
wilit
o0 Tu
WPITE
WRITE
60 ¢
WRITE
wRITE
WRETE
welTE
wt(1¢
wrITE
wRlTE
wliTt
wr[Ye
wkitt
wRITE
WRITE
waITE
wRITE
LLER )
wRite
w1 T¢
welTE

o

r9s

(6,6181
16,700 HPE
16,018)

(L, 70} XMCWD
16,6151}

L6y 791 G)
{6et17)
16,70) #MOdl
10%

{6519}
(64701 ZMCxD
{6,615)
the70) O}
16,617)

(4, 70) RhDW1
16s

1644201
164607) XXP,RPE
(Leb1%)
(6,70 01
[EXY3RE

(64 70) RHOM]
16,10}
(6,77)
{6y78) HDLeHDZTEMP
16,6219
(£,0622) XMW
16,4622}
(644231 GARMA

(723,327.725,12%),01I04

16,721)

(6e722) HESLoHCSL
1217

{67211

{8, 722) HEARZHLAR
721

(64728)

16,70} XKLIQ

727

{6,730)

t4,70) RFEFF
({o028)

16,%23) PlH

{6 73) .

$5470)  SIGMALXLEMT
6,811}

tae10) KHDL oRHOV
{6.83)

(6,701 RWUL, XRUY
{6.184)

(6970) XMy

16,10)

[CTLLIN]

1631

{6+ 20) (PRED
(6e126)

{64132} PERF



e 20

6t-1"0

4201

4200

701

630

631

632

513
30%

308

30

-

WRIYE {6,089} -

WRITE 16,7101 ©S

GO TU (4200,44201,4200,4200),L50W
wRiTE 16,4202}

wRiITE (6,700 B

BRETL (69570)

WRITE {(6:8%1) TRAX

am[Te 165143)

WRITE (6,891) DT

WRITE {64100

wRITE (6.8%)

wRITE (69861 MS -

G0 T0 (630,631,632,630),010x
WRITE (b64033)
ENEAD22.00SIOMASIRHOLSY . B9RHEAD)
WRITL (60634) CLCURLRMEAD,EHERD
WO 10 513

NREITE (&,83%)

MRITE (6470} OMAX

GO To 513

WRITE (64636)

WRAITE 1(64637) CCORELRHEAD

GO YO (305,306,307,308),0104
6=LN0/2.0

THETA=ACOSIB/RY

CaROSINITHETA)

AVE2 . 0R*ReTHETA=-2,0088(

GG 10 74
AY"3,141590(XJ0D082-XNCWDO02) /4,0
GU TO Ta
AY=3.141590(X10-2.00XNCHD]I982/4,0

GO TO 74

308
74

625

626

[T4)

629
5
320

AV23. 141599 X 10-2,00XNCUD)I $92/4.0
WRITE (6,200)

WRITE (60201)

MRITE 16,202) SONIC,ASONIC
{F (ASONIC.GT.AY] GO 10 3
WRITE 16,500 HOS,HOT,HO8,HOFHOLOGHD1A o HU L3, HD144HOL S HDLG
L0 T0 (625962606272625),0T0u
WRITE (604k30)

WITE 16,3630)

Wwh 10 629

WAITE (6pe831)

WREITE {6,3630)

t0 TU 629

wRITE (6,4632)

WRITE 16,4633)

WRETE (o110

oo TG «;zo.szx.azz.sz;».ovnu
BaCNU/2.0

CHEADS(PGHD-4OLY

[HD= LNDe L

THETAZACDS5 108/ 1)
ColOSINGTHETA)
AVF2,00RORSTHETA=2,0080C

Aw3 Y, 161570 ROR=AY
“P36, 08 {CHTRTHE[A)

VLIPS LY Y Fa i

L NIAR e by ek e, AR et AT, M A 2 i W 0 ] L A SN SETTR § S

32

-

351

352
353

322

323

B N i et

HYsOHV/2.0
ARC®2,08THETA/ Y, 14159
HAE=HESLOARCOAE

HACSHCSLOARCOAC

Ly TG 324

AV33, 1415991 X008 2-CUD992)/4.0
WPe3, 141590{X1usCuD}
DHY=4 . Q8AV/ WP

RY=DHY/2.0
AWn3,141599CuDe2/4,0

OHLECKD

RKP=DHLOOHL 732.0

ARC=1.0 .
HAE=HEARGAE :
HAC=HCARSAL

IF (CwD.GT.OMAX) 6O TO 762

GO TO 1351,35210TAR
CPGHD»2.09ST1GMARCOS(PHI}/RPE

S0 Y0 353
CPOHL=2.08SIGMASCOSIPHED/ICKD/2.0)
d00Y2RHOL #3808 { AHOCWD? .
CHEAG»CPGHU~B0DY

INU= IND#1

GG Tu 324

AVE3 . 141530LX10-2,00CuD)992/4,0
¥P33.14159¢{K10-2.0%CWL)
DHV=4,08AY/ uP

AVeDHY/2.0

OHL=2.08CKD

XKP=UHL SUHLZ48,.0
Ad=3.1AL599KI0OX10/4.0~AY
CPGHUZ2.0#SIGMASCOSIPHII/ZCHD
BODY=2RHOL®F. 8¢ {XIDeSIGNOHIGH]
CHEAD=CPGHD-BUDY

IND= [WD+)

ARC=1.0

HAE=XKLIQOAE/CHD
HAC2XXLIQ9AC/CuD

IF {CuD.GTLONAKY GO 10 T42

L0 TO 324
Avs3.161598(XID~2.00CuDIe2/4.0
uPel. 14159¢(R10=2.09CHD}

OHV=4  OeAV/uP

RY20HV/ 2.0

AW23, 14159 1DOXI0/4.0~AY
CﬁEADxCPGHD-BUDV

IND=[ND )

ARC=) .0 -

HAL s XKEFFIAE/CKD
HACsANEFFOAL/CUE

328 GLMAZ:0.SSCHEAD/IXMUL/(2.09RHOLSAUSXRPPXLAND) ¢4, 00XRUY/ LAVSRHOVORL

LAMQOKVESZ .0}

LLMULEU.5PCPLHL/ (XMUL /(24 OORHULSANCXKPOXLAKD) 4. DOKIUVI(AV'RHUVOKL'

tARpeRVEe2,0})

REYNG22,00(QLWAX/XLEFF)ORY/ (AVOXMUVSXLARD)

IF (AEYNU.GCT.2200.0) GO 10 40

CIFT=18. o'rluv'GLFAr/(AVlauavtlLAun-nv--zg)o!EuP/(xLA~o-nuuv|
WHAXCsGLMAK/ XLEFF




‘OS-I'D

42

574

s
1000

22

t L}

OMADL=QUMNG/XLEFF

DQOHR=0. 5819, BORNOLOSICH/XLEFF 1/ (XMUL/ (2. USRHIL PANOXKVOXLAND) 44, 0,®
LXHUV/ {AYSRHOVOXLAMDORY 382,00 )

DUDHsCQOHOIQLMAX/ ABSEGLMAX DY

AETOaUNAXC/HAL

ACTO=QMAXC/HAL

SRITE (648020 CuDoDIFT,AETOACTD,ULMAX, UMAXT o ULMUG,QNADG,DQDH
XQUIND)=QMAXC

XALIND) =Ry

XBUIND)=CND

XLCIND) =AW

RULLIND)aQLMAX

KARTLINDYaARC

RCIFTLIND)SOLFT

IF (DIFT.GY.DT) GO YO 1000

CU TO (340,344,344,342),0100

1F t11.£8Q.12) GO TO 900}

STINCa2.00(D1eD2)

GO TO 344

STINC=Z,0001

G0 70 344

STINCw2.0%D}

CuDaCwDeSTINC

GO TO (5T1.572,573,574),070M

IF (CWD.CT.XID)} 6O TD 1000

30 70 318

TCHD=CWDPH

IF t1CW0.Gl.xiD) GO TO 1000

IF [CUD.CT.OMAX) GO TO 1000

GO TO 318

TCuD=2,08CHD

If (1CwD.GT.XID) GO TO 1600

IF {CWD.CT.OMAX) GO TU 1000

GO TQ 312

ICuD22.08 D

IF (7CwD.GV.X§D) GO YO L000

IF (AV.GE.ASONIC) GO TO 5

IMAX=] “

1F (InD.E0e1) GO 1O 762

it (XQUa'.GE.CPRED) GO YO &

D0 21 J4=),1n0

IF (RGLIV=QPRED) 21422924

LT} BN

AREA»XA(IMAR)

CHDeXBLEMAX)

AREAL=XLEIMAX)

ARC= XARCEI1XAX)

VID=XDIFT(1nAX)

G0 10 2%

[LIYEN]

INajmAx~1
AREASXALIMI¢CXALIMAX)~XACIMI)OLQPRED=XOEIMII/Z{XQUINAXD}=XQL(N))
CWO  wXBLIP e XBCIMAXI=-XB(IN)JO(QPRED-XQIIN) )/ IXQUIFAR)~XCIIM))
AREALsXLET e (XLCIMAXI=XLETANIO(UPREO-RQEIRIIZCRULIMARI=XO(INMY)
ARCaRARCLIM) ¢ (XARCEIMAXE-XARCEIM) JOLUPRED-XULIM) I/ EXGUIRAR ) =XQULN)

1}
VIUSKCIFTCIMIOLRUSFTTI®AX)=XDIFTLIMI)OLQPRED-XCIIN))ZIXGITIMAX)=2GL
S LI 2]

21
162

A21

427

423
444

310

-
P
-

e

314

LU Ty 25

CUNTINUE

WRITE {6,23)

NRITE (6.31) .
wRITE (6,701 QPREQ

WRITE (64143)

WRITE (64891} DT

Gu YO )

wITE (6,31)

WRITE (6,70) QPRED

wHITE (6,126)

wRITe (69132) PERF

WRITE (6426)

WRITE (6470) AREA

AWz AREAL

Gf TU (4200421042744200,0T0

WRITE (6,424)
LAYERS(LWD=D20/62.09(01002))™
XLA=LAYER

MRITE (6455%) CHODoLAYERGIL,12 .
AMFLD®RHOLOVC [ DYAWSXL HP +RHOVOAREASKLHP
YOW=(1,0-VOIDIsANSXLHP

G0 TU 444

WRITE (6,625)

XKFLDa(HOL# { AWSXLHP 2 ,08D18VOJDSHSXLHP ) $AREASRIIOVOXLHP
vO=0.0

GO T0 423

HKITE (6.428)

XMFLD=RHOL®AW®XLHP SRHOVOAREASXLHP
vOW=0.0

WRITE (6,70) CwD

WRITE {6,491}

WRITE (6470} AW

wRITE 16,4930

WRITE (6,70) KKFLD

WRITE {64143)

WRITE [6,891) DT )

GO TO €(310,31),312,313),0T0u .
WTWRAWOXLHP S (D] SRHOW] ¢D2ORHOW2 1 71D14D2)}
HAE=HESLMARCSAE

HAC="HCSLOARCOAC

VOW={}.0-YDID}*AWSXLHP

GO TO 318
WTW=RHEOW]LOXLIiP¢{3.141590CH0+2.00H} 2,008
HAE=MEAROAE

HAC=HCAR®AC

G0 1O Ae

wis=Re W] OXLHPO3.141590(X10~2.00LuD)82.00DL
HAE=XKLIQOAE/CWD

HAC=XXL1Q*AC/CHD

GU TO 314
WiN=3,14159¢(XID-CUDIOXLACRHOWLIOXLHP®2,.00D1
HAE=XKEFFOAE/CMD

HAC=AREFESAC/CWD

ETO=GTRANSHAL

CYDeGTHAN/HAL

WRITE (64145)

WRITE (6,770) VYD,ETD,C1D



R

o

F it

GRS

15-10

40

411

4112

Al

a1
A1l

3

4

5

48

4

-

a4

Iy

3

45

[ 13
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CALL wTANA (DELMyFSAFE ) XODe TMINGOPWT g RHOL ¢ RHUMyRMAX o X T 0y XL HP o KM
LFLD o XMWy THAR G STRES o WT Wy MOUN,OTOW o VTD W ETU,CTO HALLK 9 QTRAN (XLE Y XLCU
2eHACIHAE ¢ STATE ¢ ASCy SA B850, SBeSCoVOW, AN}

60 10 1

IF (NL.GT.2) GU TV 48

NL=NL ¢S

WRITE (6s151)

GO TO (A111,4112,41223,4104).0T0M

WRITE (6,4630)

WRITE (&,3630)

GO TO 4115

WRITE (6,4631)

wRITE (643630)

GO TO 4115

MRITE (654632}

MRITE (64483))

GO.TU 4115

MHITE (6,4830)

MRITE (6,3630)

WRETE (6411)

ClwAAS{CHERD)

C2=KMULS{XLHP +XLAD 1/ (2. 09RHOLAAN®XKP O XL AND)

CIn0.00550XNUYO90 250 (XLEV/ Il 90XLAD/L L5602 XLLU/ 3. 140/ (RHOVORYSS], 2
158 1XLANDSAV)I*®],TS)

CHECX w040

QriLie2.00C1/78C24C3)

CHECK2CHECK+1.0

1F (CHECK.GTo1%5.0) GO TU 45
N1

A{H}=CI8QTINI®w]  T50C20QT(N)=C]

DAIMInLl TS58CISQTINI®E0, 750C2

IF (DA{N)S 43,44,4)

QT{N)=QTIN)+0,02

60 YO 41

QUINeL)}=QTIN)-A{N}/DA{N)

QIERPLLT)I=QTIN) :

IF (ABSL{QT(2)-QTE11)/0T(21).LT.0.01) GO TO &5

QTN =QUIN+1)

GO 10 41

IF (21.6T.1) GO 10 818

Fi=il+}

CHEADaCPGHD

GO 1) 43

It=j1-1

GMAXCAQTEMP(L)

KOIFVEIND)sCIOLTENP(L1300) , TSTEMP/(XLANDORHOY)

GLFT=XO1FY{IND}

AETD=CTEMPLLI/HAE

ACTD2QUTENPEL ) /7HAC

I¥ (XDIFTLEIND}.GTLOT) GO TQ 1000

wWiiT: (64804) CWDeXDIFTUINOIZAETOLACTD,QTEMPI L) UTENP(2)

50 Tu &2

AtEAaxA(LY

Cwh«xdil)

ARSAL=XLALY

VIO XUIFTLL}

ARCx XARCLL)

QTR AN=XQLLD

1

N oW

Gu TL 2%

MRITE {64203}

Lo Tu 1

READ (545009) ARMAXoARMING WKAX sWALNy TLMAX TLMINHEGR¢HCGR
READ 15,4981 NDAR,NDKD :
WRITE (6,10} .
wAITEL {6460)

WRITE (6461) HD6sHDToHO8,HDyHDIC,HD1]1,HDL 3, HDL4,HD13,HDE 6
WRITE (6,62}

WRITE (6,61) HO39HDA4HDS,HDL2

WKITE 16464)

WRITE (69E65) STRES¢RHOMyFSAFE

WRITE (6,606)

WRITE (6,7C) XODyTMIN

WRITE (6466)

WRITE (6469)

WRITE (6,703 RLEY,XLAD,XLCO,XLHP
WRITE (60400)

WRITE (6,711

WRITE (6470) RMAX

WRITE 16410}

WRITE (6,73}

WRITE (64174) HDO HDToHOBeHO94 HDLO4HDLL 4HDL 34 HDRALHDLS (HDLG
WRITe f64138

WRITE (6+7C) ARMAXARMIN

WRITE (5414)

MRITE (64700 WRAK MMIN

WHITE (6015}

WRITE €6470) TLMAXyILMIN

WRITE (6410}

WRITE [6477)

WRITE (0s78) HOL,HD2,TENP

MRITE (6,62])

WRAITE (64622) KMN

WRITE (6,624)

MRITE (6,$23) PIB

WRITE (6,4622)

WRITE (6,623) GAMKA

WRITE (65721} .

WRITe (64722) HEGRoHCGR

WRITE 16479}

WRITE (6,.0) SIGMALXLAND

WRITE {6481)

WRITE (6470) RHUL,RMHOV

MRITE (4,83)

WRITE (6470) XMULWXNUY

WRITE (6,184)

WRITE (6,70) XML

WRITE (64100 L.
WRITE (6,888)

MRIT: (6,31)

WRITE (6+70) QPRED

WRITE (64126}

WRITE (6.132) PERF

WRITE 16,889)

wRITE (6,701 HS

wRITE {6,890}

WRITE (5,891} Tmax




26-1'D

wtiTE (64143}
WRITt (64891) DY
WRITE (64101
WRITE (6,85)
WRITE (6,086) HS
MRITE (64106}
NRITE (617}
ONAR=NDAR-]
ARINC» CARMAX=ARMIN) 7DNAR
BARY=ARMIN-ARINC
DU 33 I=1,MDAR
DARL=DAR1¢ARINC
OARLEIsOARL
DA!SPIIl-l-NlGH'SlGN0|(”!GH‘SIGN).020!.0'SIEHA0CDa(FHllODAR(lll(ln
LOL®9,8))980,.5)/(2.00DAR L))
OREQUII=HIGHOSIGNODANSP{ 1) SDARE 1)
WRITE (89346} DARII),DAWSP{L}
CONTINUE
WNRITE {8,200}
WRI1TE (64,2010
SONICa{ (GANNACTENPEL 801545,.33032,2/XNW080,.5)20.3048
ASONIC=PERFOQRAXS(2,0%{GAKNASL,0))000.5/1 XLANDSRHOVSSONIC?
WRITE (692021 SOMIC,ASOMIC
WRITE (6950) HO64HDT,HDB,HDIyHOL0sHOLL s HO1 3 HD L 49 HDLS KDL 6
WRITE (6435)
WRITE (64300
WRITE (6437)
DHYD=NOND-1
illﬁllllll-“ﬂlnllbﬂlb
00 113 Ial,NDAR
PA=WMIN-HINC
00 114 J=l.NDKD
PA=PASMING
XYZ(J)=PA
IF (XYZ(J}.CT.DANSPUL)) GO TO 121
DEPIJI=DARLIIOXYZES)
SRV {XID~2.08DEPLI})/2.0
MMAK=2,005AY93,141259/7(XYZ{JI)eTLNINY
NMIN=2,0¢SRVe3.14159/7LXY2LJDI¢TLRAX)OL.O
00 115 KaMHLIN,KNAX
§NO=K
XK=k
DXL{K}=2,005RY83, 14159/ XK=-XYT{ 3}
BASE=3.141598X[D/XK~0XLIK}
SAV=3.1415995RVesSRY
SAI=3.141590X10021D/4.0
AGJe (1 SAT-SAV=-IK®DXL (K} ®QEP(JI-XK¥ (0. JOBASENO#2) /XK
ANQ=10.5~3.14159/78.0)9XY2Z(J)082
_ ALO=ACO-ARND
AW=ALO®RK
GYUNi{K}=AN
ALANDwSAY=SAV-AGOSXK
WPu2 0 {DEPL)20.32500ASE)ORK
CHL4 . 08AN/ WP
AYaSAI~AW-ALAND
1F 1av.LT.A3081C) GO 7O 118
L3221

APFeXYZ(J}

CrGHD=2 005 IGMASCUSIPHE)/RPE
QUOYaRHOLOG . 4O (HIGHASIGNCDREPLID)
CHEAU=CPGHD=4UDY

G0 fo 117

3048 CinAAStCHEAD)

C2aXMUL® I XLHP+XLADI/ (2. GORHOLOANOXKPSXLAND)
£320.06558XMIVE00, 250 (XLEV/I.144XLAD/ 1. S60XLCU/3.146) /(RHOVORVES], 2
1SS XLAMDSAY) 991, 79)

CHECK*0,0

OT{1)=2.00C1/71C2¢(3)

CHECKSCHECK 1.0

LF (CHECK,GT.20.01 GO 10 3045

Ne)

ALNI=CIQTINI®®L, T5¢C29QT(N)-CL
DAINI=1,750C34QT (NI 080, T54C2

§F (DAIN)) 3043,3044,3043

QT(N)=QT{N)+0.02

GO TU 3061

QT{Ns 1 1=QT (N)-AINI/DAIN)

QIEMPLI1)=0T(N) ;

IF (ABSECOTE2)-QTC1)1/QT(1)).LT+0.001} GO TO 3045
QTN =QT(NeL)

GU TO 3041

IF (116710 GO 7O 3818

1i=tlel

CHEAD=CPGHD

GO TO 3048

Histl=1

KOIFTCINDIwCISQTEMP(LIOOL, TSOTEMP/ L XLANDORHAY) :
IF (XDEFTU(IND).GTLOT) GO TO 118

DDLIK}uy 0"

EEL(RI=QTEMPLLY

FF1(K)20.0

GGl ix)=QTENPL2)

HH1IK}=0,0

OGM{K) sRHOL ®XLHP SAWSRHOVOXL KPSAY

OWICK (K} «RHOMSXLHPSAL AND

NCLIK)=R

60 10 115

117 oDlEK)I=O. SOCNEAD/(lﬂUL/t2-0'RHOt‘Aﬁ.lKIOXlllDl04.0'1“0'!!"‘!"0"'

LLAND#AYS92.0})

EELIK)=00L(RI/XLEFF

FFLIK)I®0.5¢CPGHD/ I XKL/ (2. 00RHOLSANSXKPOXLAND ) ¢4, 00 XRUY/ {AVOAHOYSX
ILANDZRY®02,.0})

GOLUIRI=FFLIRY/XLEFF

REYNNu2 . QCEEL(KISRY/LAVOXNUYOXLAND}

IF (REYND.GT.2200.0) GO YO 3040
XDIFTIK)=(8,0°XMUY*DDLIK)/(AVORHOYSXLANDORYOS2) }OTERP/ (XLARDORMOV )
[F (XOIFTIXI.GTLOT) GO YO 118

HHL(K1==0,58({ 9. 8¢RHOL @S IGN/XLEFF )}/ {XMUL/{ 2,00 RHOL*ANSXKPOXLAND) 940
109 XNUV/ LAVSRHOVSXLANDSRY S22, 0} )

HELIKIuHHL IR *LODI(NKI/ABSIODL(K)DD

MGlIK)eK

DLMIK I =RHOL S XLHPSAN¢RHOVOXL HPOAY

UNICKIR ) *RHOM® XLHP S AL AND

60 Y0 115

&Zﬁ?:-;é' i3

-

AKPs (OHLSDHL /32,0 118 NGLIK)=K

T

L{wﬁkdiﬁ

2

N




TAN

N
5
.‘% o

,![f

2 Ll e

[P

Lo

€S-1"D

(TR R

R

1

120
119

121

X0IFTIX)20.0
DXLIK)=0,.0
001tk )x0.0
LELIX)=2Q,0
FELIK)sU.D
(28§ ST N
HHI(K}2Q.0
UGM(K }s0,0
OnllK(K}eD. 0
CUNMT InuE
LLad¥nin
AB=EEL{LL)

00 19 [SLLILIT.LTYS
IF (AB~EELLL)) 120,119,119

L=t

ABAEELILY
CONTIxULE
MG2(J)=LL
AB2(J)=xY21 )
CC20J)=DxtLL)
002133008 ¢LL)
EE2UJ)mEELLLL)
FF2LIISFFLILL)
GG2(IInGGLILL)
HH2Z L b= I L)
PP212)eDORILL)

QU2 Jra0uICKILL)
RA2(J)=XDIFT(LL)
GYOM2{J)=evOul(LL)

G 10 114
NG24J)=0

BR2{JI=0.0
CC2{11=0,0
0D2(4)=0,0
EE2(JY=0.0
FF204)%0.0

" GG2tINIe0,0

114

134
i3

™

HH2(J)=0.0
PP2(41=0.0
CQ2141#0.6G
RRZ(J)~0.0
CYOR219)=0.0
CUNTINUE

LLEDY

BCEE2(NN)

00 133 ma),NOWD

IF {BC~EE21M)) 134,133,133

LLEY

BLeEELtM)
CONTEMYE
KYZET)=BR21MN}
OLUtI e RYREN)
PLINNREIASY [}
2SR NG2 (M)
DGLEE)=LN2(Mmy
DL2UE )bt 2 tmm)
DLSLIYFFDIm)
611136521 mm)

11

w

132

135

DCSIT v aHM2( MM}
OCMLT)=pPp2(NR)

DMICRCT)2Qu2imN)

‘NCASc (S )=}
OVIOCT)aRxZ (MM}

GYLN3LT)=GVOn2iMm)

COMTINUE

€0 13% [h=1eNDAR

IMs]n
CO=DG2L IN)

0N 137 I¥MeR,NDAR
JE (CD-DG2EIMM)) 138,137,137

[ LERE ]

CD=DG2¢ {MM)
CUNRTINUE
NSTUGRaNGT IM)
STUR1=0GWI K}
STUR3=DGL (N}
STOR&=DG21 M)
STORS=DG3{IM)
STORG=UGA(INM)
STOR2=0h9( 1M}
STORB=OGML IM)
STORI=OMICKIIN)
STCLUaDAR(IN)
STOLL=DXL{INM)
ST012=DVTO( M}
STOL3=GVUMIL[M)

DVIDLIM}aDYTOLIN)

MGEIM)ahGEIN)

OGW{IM)aDOR(INS
OGL{Im}=0G](IN)
062U ImI=0G2LINY
0G3{ImM)IafCItINY
DGALIM)IeNCAH L IN)
OG5 (ImI=0GSEIN)
UEMEIM DGR INY

OMICK{IMI=OUMICKILIN)

DAR(IM)=DAR{IN)
OXL(IM)=OXLEAN)

CVUMSTEIM) «GYNWILINY

NGIIN)=sMSTOR
ULMLTN) =S TORL
VeltivrasTnR)
062(1NM)=STORS
UGB [N)=STURS
OLALIN)sSTOR,
LGStiny=STURT
LLM(IY)=STURY
OWICKEIH) =STORS
LS LIERS L))
UPSO LYY /]
GVIDEINYaSTOL2
GVUM3ITINI=STHLY
CUNT I MUE

U 98 121,%DAR

WIITE {6097) MCAS
LETYaDGat) U051}

E(IDoNGllD-DllllleGI(l)nblLll’-ﬂGl(l)'DGZ(lloDG!



pS-1"D

98 CONTINVE
whiTE (6431}
WRLTL (be70) QPRLD
WRITE (64126)
WRITE (6s132) PERF
LCASE=D
00 14t 1a1,NDAR
IF (0G2U1).LT.QPRED) GO YO 142
LCASE=]
141 COMTINUE
142 IF (LCASELEQ.O) GO TO 162
WRITE (64560
WRETE 16555)
WA TE {6456)
MRITE (8,57}
HAEwHEGR®AE
HAC®HCGROAC
00 58 1=1+LCASE
€T0=0G2¢ 11 /HAE
CTD=0G2(1)/7HAC
WRITE [6459) NCASELTDoNGET)oDARUIIGOGWITIQDXLETING2(1),06n1T),DVT
1001)ETDWCYD
58 CONTINUE
SYORE=STRES
00 95 I=1.LCASE
STRES=STORE
Y1020 ,T0C1}
WTWsUWICKET)
NCAAE=1
KMFLU=0GML1}
VON=-GYOR3C L}
ETD=DG2( LI/HAE
CT0=NG2(1)/HAC
CALL WTANA (DELR FSAFE o XO0y TMIs OPNT gRHOL sRHOM; RMAX o X IOy XLHP ¢ XM
LFLOw XMN o TMAX STRES M TMoNCAAE2QTO o VI02ETO4C 1D WALLK ) QTRAN, XLEV, ¥LE
204 HACsHAE»STPTEsASU.SA9BS0, 5B SCoVONLAN)
9% CONTINUE
1 IF (MORE.GT.1} GO TO 500
Stop
END

SUBROUT INE WTANA (DELM,FSAFE,XOD, TMIN, OPWT ¢RHOL s RHOM s AMAX, X104 XLHP
Lo XMFLDo XMW o TENP o STRLS ¢MTW)HCAAE9DTON VIO ETDCTO ) WALLY QTRAN,XLEV,
2XLCO HACIHAE»STATESASD, 51, 850,58, 5SC,VOM AN}
DEMENSION THICK(20),STHIK{20}
INTEGER OPWT,QTIN,STATE
87 FORMAT (*1°%)
88 FORMAT {7747 W E L GHT ANALYSTS FOR THE
1 SYSTEMY
36 FURMAT (7/° (EQUATION OF STATE FOR REAL GAS {l1.E.oBEATTIE-BRIDGMA
1% EQUATIOND IS USED TO CALCULATE HE IMTERMAL PRESSURE) ')
37 FORMAT /7% (EQUATION OF STATE FOR IDEAL GAS IS USED TQ CALCULATE
1 THE INTERNAL PRESSURE)*!
& FORMAT #7725 C A S E NUMBER,sX,13)
46 FORMAT (/7% SAFETY FACTOR MAX[MUM TEMPERATURE(K)®)

45 FURMAT (/F11.244XyF13.2)

66 FURMAT (//¢ LIQUID MT.(XGE
65 FORMAT (/E15.74€18.7)

2) FORMAT (/7' LIQUID MTe(XG)Y)
r4 FORMAT £/7¢ RAD.{STORAGE) FUBE THICKNESS ST. THICKNESS PRESSV

MICK NT.(XGES).

LRE HEAT PLIPE WT, STORAGE WT, TOTAL MWi.*)
T9 FURMAT (e tn) (L] LY (L.74.]

1-M) [133) 1KG) (XG)*)

303 FURMAY (/TELS5.7} .

92 FURMAT (/7% NO STCRAGE VOLUME 1S NEEDED®)

1) FURMAT {//7/* T HERMAL ANALYSTS FOR THE
1 SYSTERM®

13 FORMAT (7/* (NSIOE DIAMETER uUF THE FUBE{M)*}

14 FORMAT {//°* EVAPORATOR LENGTHIM) CUNDENSER LENGTHIM)®)

15 FURMAT (/E15.7,12X,E15.7)

L7 FORMAT {//% THERMAL CONODUCTIVITY OF THE TUBE WALLIW/M-K)*)

19 FORMAT {//° RADIAL HEAT TRANSFER ACROSS THE TUBE WALLIW)'}

25 FORMAT (/7% VAPOR TEMP, OROPIK) EVAPORATOR FILM TEMP. DROPIK
1) CONDENSER FILM TEMP. DROPEK}®)

26 FORMAT (/E15.75180X,E15.7¢23X,E25.7)

27 FORMAY (//% PAD.USTORAGE) TUBE THICKKESS TEM?, DROP ALROSS

1 TEMP. DROP ACRDSS TGTAL TEMP.*)
29 FURMAY te (L1 (L1} THE EVAPORATOR WALL(K)
1 THE CONDENSER WALLIK} DROP{K}*)

82 FORMAT (/2E15eTe2XeEL15aTol0XeE15.796X0E15.T)
1F (OPWY.L¥.1) GO TO 111
WRITE 156487)
WRITE (6,88}
STHIK(1)=0,0
THICKL{1)=THIN
HNN=D
CONST=0.082006
11=1
IND=O
BANRANS1D, 76
RS=0.0
W¥S=0,.0
DELR=0,.0
SDELNaDELNS3 281
BRHUM=RHON®0.0624 3
BRHOL~RHOL$0,06243
8R=X1D%3.281/2.0
8X[O=x{0®3,.281
STRES={STRES/(703.,1909.,8))0144.0
BXLHPaXLHP#3,281
BREAX=RMAXS), 261
8X0D=x00%3. 281
BIEMP=TENPT]1,.8
BYMIN<TMIN®3, 23]
BXMFL=XMFLD®2.205
IF (STATE.EQ.Ll) GO 10 32
WRITE (6436}
SPVGL=[ (3. 141590X100¢2/4.Q)eXLHPF$1000.0-YOM)/{ XMFLD*1000, 0/ XNW)
AsASUS{1.0=-5A/SPYUL} ’
8=8500(1.0-S8/5PVALY
EPSI=SC/ZISPVOLS*TERPRR]) :
PRESXCONSTOTEMPS(1,0~EPSII®{SPVOLOB)/(SPVOL®S2)~A/{SPVOLS#2)
BPRES=PRESS 4. T9144.0
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100
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~

GO 10 33
SPRES=BXMFLO®1545, 338ATEMP/ (3141 59¢6RSBREBXLHPSXMK-VONS XMW )
WRITE (6437)

BTREOSBPRESCORIFSAFE/STRES

IF 1B3TRED.GT.BININ) GO 1D 1b

IND=}

BTRED=BTMIN

TRED=BTIREDN®0. 3048

THICK{1)=TRED

OYHP=3.141599BXLHPRBRY BR=-VUN

PRES=BPRESHTOIL199.8/144.0

WIL=XMFLD

WTH=KHOM®3 141592 ( XIDSTREDCTRED®®2,0 )¢ XLHP
IF (OTOWLEQ.5) GO TO 100
WT=NTHOWTLAWTWOKTS

G0 TQ 101

NTH=RTHeNTH

WT=WTHIWTL ¢WYS

IF (OTOW.NE.S5) GO TO 3

WRITE (6¢6) NCAAE

KRITE {6446)

MRITE (6,45) FSAFE,TEMP

IF (OTOM.EQ.5) GO TO 21

WAITE 1b,064)

WRITE (6465) XMFLOsNINW

GU Tu 22

WRITE (6,23}

MRITE (6465) XMFLD

WRITE (6478)

WRITE (6,79}

WRITE 1643030 RS,TRED,DELRyPRES,WTHeWTSyuT
IF (OPWT.LT.1) GO TD 2

If (IND.EQ.1) GO 12 91

BINCR=(DRMAX-BR) /9.0

IF {8INCR.LT.0.0) GO TO 2

BYHP=RR*BR®3,14159*B8XLHP-VOW
BRMAX=BR-BINCR

00 50 I=1,10

BRMAXBRMAX A INCR

RSaBRMAX®D, 3048

OHI=0RMAX~(BRHAXSO2-BRO92) 40,5

BYSTnA,003,1615908RMAXKES)/3,0-~3.241590LN10(3,00BR0P2¢RH1®E2) /6.0

BYTTuVHPOBYST

1F (STATE.€Q.1) CO TO 34

SPYOLaBYTT00.0283291000.0/(XMFLD®3000.0/XMN)

A=ASLY{1.0=5A/SPVDL)

UsBSUS{1.0~SB/SPVOL)

EPS1=SC/ISPYULOTERPOR))

PRESICONSTOTERPSL | LO-EPSTISLSPVOLARIZLSPYULOS2I=AZ{SPYULOe2)

BPRES=PRES®14,78144,0

vl TU 35

BPRESzHXRFL #1545,33¢ATEMP/L{BYTTOXNN]

BYREL=HPRESORROFSAFE/STRES

IF (BTRED.GT.BTNIN) GU TO 51
BYREU=PTHIN

NiN=Y
LULLKsBPRESOHRMAXOFSAFE/ L2, 00STRES)
IF UACFLR.GT.HDELM) G T 52

52

30

3

"

50

N -

12

28
i

R RS

UBDELR=BDELM

RMAX=ERMAX®0,3048

TRED2ATRED®0. 3048

DELR=BDELR®0. 3048 :

11=141 . ’
STHIK(11)2RMAX i

THICK{ 1T )= TRED

PRES:LPRESSTOI.189.8/144,0

HizkH1*0,3048

WTH=RHOM®3.141590({ XIDOTRED¢TREDO#2 ) SXLHP

NTS=(44083. 141594 (RNAX4DELR1#23/3.0-4,003. 141 590RNAXS#3/2. 0} SRHUN-

12.0¢3.14159¥RRAXSHI*DELRORHON

If (UTOW.EQ.S5) GO TO 30 ' N
WTaUTHENTLeWTW4HTS
G0 Tu 31
WTH=WTHeRTH
WT=WTHENTL ¢WTS
WRITE (6,303) IS.YRED'DELR.IIES'HIH.UTS.IT
IF {NKN.GT.1} GO YO 2
CONTINUE
60 Tu 2
NRITE (6492}
WRITE (6487)
WRITE (6,11)
If (OTOW.NE.5) GO YU 12
WRITE (694) NCAAE
WALTE 16010)
WRITE (64303} XID
WRITE L6414}
WRITE (64151 XLEV,XLCO
WRITE t6,17)
NRFTE {69303} WALLK
WRLTE (6419
URITE {64303) QTRAN
WRITE (6425)
WRITE [6426) VID.ETD,CTD
WRITE (6,270
WRITE (6,29)
0O 28 J=l,l1
CXT=X1D¢2.0*THICKLS)
0iKYeX1D
AEXTEDEXT®3,141590XLEY
AEXTCsDEXT#3.14159#XLCO
EWID2QTRANSDEXT¢(ALOGIDEXY/DINT S )/(2.00WALLKSAEXTE)
CWTO=QTRANSDEXT&{ALOGIDEXT/OINT ) 1/{ 2. 00WALLKSAEXTC)
T10=VIDPETO+CTDENTOALKTD
WRETE (6482) STHIK{J)oTHICK{J)oENTODHCWHID,TTD
CONT INUE
RETUAN
END
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The first sample problem consists of determining the heat'transport; capa-
bility of an aluminum (6061-T6) heat pipe (1.27 x 1()'2 mO,D., x8.9x 10_4 m'wa_ll).
A homogeneous circumferential porous wick (200-mesh stainless steel screen) is used
in the heat pipe. Tbe heat pipe working flvid is nitrogen at an operating temperature
of BOOK, aﬁd the tube wall material is aluminum glloy 6061-T6. Heat load, elevation,

maximum system temperatur., and acceptable range of vapor temperature drop are

specified as: 4
Qreq'd = 5W - .

h = 0,00254 m . ] '

T = 300.0°K |

max '

i, 0

ATv = 10,0 K :

The length of the evaporator, adiabatic section and condenser of the heat pipe are

specified as:
L = 02m . l
e
L = 0.8m
a
L = 0.2m
c )

The spherical storage reservoir, if needed for containment purposes, is specified to

be 5.8 x 10_2 m in diameter and 8.9 x 10_4 m wall thickness. Finally, the effective
thermal conductivity of the wick is assumed to be 0.14 W/m-K (i.e., thermal con-
ductivity of nitrogen). The associated data cards are listed in Table C.1-3. The- .
resulting computer output data follow. As indicated in the printout, the maximum

heat transport capability in a one ''g" environment is approximately 0. 98 wgtts. which

is less than the required heat ioad, Therefore, weight and heat trausfer analyses are
not presenied and the program terminatqs Yvith the following statement: “"No area exists

to satisfy QMAX (w) requirement’.

In the second sample problem, the performances of a nitrogen heat pipe -

with an axial rectangular grooved wick are considered. The maximum and minimum
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allowable aspect ratios, land thicknesses, and widths of the grooves are specified as:

¢ max 1.5

¢ . = 0.5
min -

-4

L = 510x10 'm
max ]

L = 3.81x10 % m
min

w = 7.62x10 % m
max

W = 4.06x10 % m

min

The heat load requirement is:

Quax = 0-005W

and the evaporator and condenser film coefficient are agssumed to be 380 W/ mz—OK

and 760 W/mz—OK., respectively. These values are based on measured data. The
other pertinent data remain unchanged and are specified in the first sample problem.
It should be noted, however, that the properties of nitrogen are input here because of
the option used in the control card. The associated data cards are listed in Table
C.1-4, The resulting computer output data follow. Since the maximum heat transpert
capability in a one ""g'" environment of each specified aspect ratio is larger than the
heat load requirement, the weight and heat transfer analyses are performed for each

aspect ratio. The results of these analyses are presented in the computer output.
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C.2 DATA ACQUISITION CODE USER'S MANUAL
K4

C.2.1 Introduction

This section describes the utilization of the Data Acquisition Code (DAC).
Basically, DAC generates the thermophysical properties of various heat pipe wo.rking
fluids at saturation condiiions., The fluids selected are those most comm_only ‘used and
span the range from cryogens to liquid metals. Both constant prope.rties and tewnpera-
ture dependent properties are stored in the property subroutines of the DAC. Proper-
ties are stored as tabular data points or, in the case of the liquid metals, in funétional
form. -Also, derived properties (e.g., liquid transport factor) are caléulated and 6ut—

put by the code.

- This code can be used alone to obtain fluid property data or can be used in
combination with the Heat Pipe Analysis and Design (HPAD) Code and thereby reduce

the amount of input data required. -

The program input requirements are described in Section C.2.2.2, and
the output formats are described in Section C.2.2.3. References are listed at the end
of Section C.3. The flow diagram and program listing are presented in the Appendices.
A list of Fortran names with physical or engineering quantities is also presented as an

Appendix.

Cc.2.2 Program Description

C.2.2.1 General

The program logic is illustrated in the flow diagram contained in Ap'pendix
A. The FORTRAN names and the physical quantities they represent are listed in Ap-
pendix B. Storage requirements are on the order of 50,000 words (octal). A listing
of the program is presented in Appendix C. The program was written in 'FORTRAN \Y
and was designed to operate on the UNIVAC 1108 system.

Basically, the program reads the input control da:a, generates the thermo-
‘ physical properties of the specified fluid, and outputs the property data. The deck set-

up as shown in Figure C. 2-1 consists of job control cards, the program source deck,
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Figure C.2-1. Program Deck Setup
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additional control cards followed by the input control card aﬁd program termination
" cards. The program has two major options. First, the thermophysical properties
can be determined at a specified temperature- or at specified intervals over a specified
range. If the svecified temperature range is oﬁt of property data limits, the ﬁrogram
will automatically adjust the range to be consistent with the available property data.
The second option consists of having the property data output in scientific units (SI)

or in both scientific and engineering units.

C.2.2.2 Input Description

Table C. 2-2 describes the entries to be made on the various input cards
and indicates when each of the obtional cards are to be excluded. The FORTRAN name,
format, and units to be used are indicated for each entry, A listing of sample input

data for different cases is presented below in Table C.2-1,

Table C.2-1. Sample Input Data

2060 350, ) Y

C.2.2.3 Qutput Description

The program outputs essentially all the thermophysical fluid properties
as well a8 derived properties needed for the Heat Pipe Analysis and Design Code.
These properties are divided into two categories in the output. First, the constant

properties which consist of the following:

e Molecular weight
e Gas constant

e Ratio of specific heats

-
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Table C.2-2. Input Data Description

Input . : o ;

Card Fortran _ : ) .
No. Format _ Name Description Units
1 i3 MORE Control Point, integer = 0 for last set of - ' c

data, otherwise integer = 2 ' ' o
2 I3 FLUID Control Point, type of working fluid -
1 Hydrogen
2 Nitrogen
3 Oxygen
4 Water
5 Ammonia
6 Methanol
7 Acetone
8 Freon-21
9 Sodium
10 Potassium
11 Lithium
12 Mercury
-
3 213 POINT Control Point, integer =1 for flvid proper- - voos
ties at a temperature:;, otherwise integer = 2
UNITS Control Point, integer = 1 for M, K. S. units, -
integer = 2 for both M. K. S. and Engineering
units -
4*  F10.4 TEMP Temperature (for fluid properties) %k
%% 3F10.4 TMIN Minimum temperature (for fluid properties) OK
TMAX. Maxiinum temperature (for fluid properties) OK
' o
DT Temperature increment (for fluid properties) K
6***  3F10.4 TMIN Minimum temperature (for fluid properties) Op
TMAX Maximum temperature (for fluid properties) F
: ) o
DT Temperature increment (for fluid properties) F

* Card 4 is needed only when the value of card 3 (1) is an integer equal to unity,
** Card 5 is needed only when the value of card 3 (2) is an integer equal to two.
) *x% Card 6 is needed only when both values of card 3 are equal to two,
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Normal melting point -
Normal boiling point
Critical _temperafure

Critical pressure

The second category listed below consists of the temperature dependent properties and

inclu_des the derived data.

~*

e o 5 o o

Vapér pressure
Liquid density

" Vapor density

Surface tension of liquid
Latent heat of vaporization
Thermal conductlvity. of liguid
Dynamic viscosity of liquid
Kinematic viscosity of liquid
Dynamic viscosity of vapor
Kinematic viacosity of vapor
Rafio of kinematic viscosity (vapor/liquid)
Wicking height factor

Liquid transport factor

Sonic heat flux

Sonic velocity

A listing of output data associated with the sé.mple input data of Table C.2-1 is pre-

sented in Table C.2-3. If the specified tempcrature is outside of the data range it will
‘be indicated in the output by "TEMPERATURE OUT OF TABLE RANGE".

C.2-5




aCcevisiYTiIOoN
3

o AT a

€90 L tpact

Ne Ko %2 UNLTS

FLUIV esATEN

CHENICAL FORNULA anzo

P2 DPE R YL ES

toustawd

A ECULAM S enT EXG/MULED

GAS CONSTaNT {NeH/

k) 7 TTHAT10 Or SPgcir

100300

NOIRMAL PRLT NG PU[N"M_ NOMKAL gOJL NG '0'”"([)

R41.8840103 1:330

CRITICAL TENP(K} CREYICaL PRESSURE(N/men)

22 LY £

tiwrEn

i apLRaTURS
grELVInvd

varns PRLE4SSUNL
t/M=n)

Li.utp oeestty
ot sreonen)

Vet UN DENSITY
X YLLLLLH

SunFACE TENSLIOW
¢ /=)

AP3ovan

A TUREeovEPENDENT

AN?,000 .. c221ena

PROPENT 1TES

- lQe08 L e o

Late vy mEaT
{2e8/%G}

Twpungl CONDUCTIVITY OF L28ulD . _ _ __

(5 /4=x}

L.egee07

«43e00

DYMANLL VISCUSITY OF Lieuge
(86/me$)

sanLmatlc VISCUSTEY OF LIQVID
1==ns3)

. eR0=Q) ——— e ——————— U, -

L O - o

2vaRfC VISCOSETY OF varom
'TIYLETY)

RILEmaTEC w[9CUSITY OF VaAPO®R
tremw/%)

aT10 UF xInExATIc vISCOSITILES
tvaFue/eituiul

«leRine HEjouT FaCTON

than)

LICuID THMANSPORT ra(Tol
tasmen)

Sun$C HEAT FLUR
talwap}

Sunif viLOCITY
758

e2740) _

«?0-0%

037012

234000

c%qeD)_

Table C.2-3: Sample Output Data

C.2-6

%




caTA asacCovisitriown Cobe oac) h T T

ONGIMECRINS® uMiTS_ . . .. e L e : i
FLUID sBATew - CHgM1CAL FORRULA wnlD - 2
._.__;_.nnLn!Aul s oeret i g —

WOLLCULAX S8 iGHT (LEN/AOLED) €4S CONSTANT (FialorsLamar} RaTi0 OF 3Fpciric Heavs

18.00 85.8516663 1.330° :
HORMQL HLLT MG POINY(F)  MeRMat ROJLING POINT(Yr) " RITIcar TEMP(P)  RITICAL PRESSUE (2o

32018 AU 1 1Y - TT . ‘e 70%:930_ e328eb8

Y E NP ERATUNGL -DLPELENDENT FPROPFPENT I ES

TERPFERAYURE - - - e — -
SFANNENHLIT) 11603 -
YAPON PRESSUREL ) - -~
1rs1) . e _el%ent e
L1aulp bLLuSLTY . e e eem e - .
TELTIALIALT AS) 262402

VAPON OUNSITY
(Lan/FI=tT=F1) .-

SUNFACE TENSION e e e - .
CLEF/F T

LATENT HEAT o )
teTu/LBng . . sdfe0y - .

Thekral CONOUCTYRYRTY OF MIQUIR . . . . . . o . e e o =T
SETU/HR=F Tar) ¢3700

DYNARIC V1SCOSITY OF LIQUID - T -
(LIN/FT=N) R . el®qt . .

K{AgMablc viSCOSETY OF LlQUlD e el . [

(FlaFT/uNy «23=01

OYNAPIC VISCOSITY O yamow - - h
ILh%/FTolN) R ) . e27«01% P

RINEMATIC vucﬁsu' oF varoOm = P,

(F1=FT/HR) . eblep}

ATIO0 OF kingMa¥ic VISCOSITIES - i
CYAPURZLIQUIDS sdFe03 . . _

alcxIng »EIGHY FacTOR . e e ..

(rreFr) . 7300

LIUIn THLNSPORT racTon

tpTyu/nderyary} - o870} e e e -
Son)c HMEAY FLUZ e ——— e e
tatu/uA=frefrt) sile08 -

STNIC VYEILDCLTY
tst/mm) . «%207

Table C.2-3: Sampie Output Data (Continued)

c.2-7




ey

=

..

s 43

o 3

Stsarsi R

o

o

R
v

SN

8-2°0

n AT a

Me Ko Se UNLTS

ACQUISIT]ON

—— e —— - e i———— e e im s -t

CLDE Lpac)

QUlday

€100

|
|
|

Riitg
i

FLUID sWATER

CHEMICAL FORMULA eHZ20

Ay ~ [
0

Tk
- ——— s ]
— e e 3

L ONS. T aNT

P ROPERT I S

MoLECULAR WEIGHT

(K6/MpLE)

GAS CONSTANT(NaM/KG=K) RATIO OF SPECIFIC HEATS

18+000

46188403103 1¢330

NORMAL Mi1 TiNg POINT(K)

NOKML aO1LING POINT(K)  cRiTical TEMP(X) _ ¢RITjcaL PRESSUREIN/NN)

...647+000 _s221%08 -

- ATdehen . L . .. 3T3e160 R e e
Table C.2-3: Sample Cutput Data (Continued)



KINERATIC VIBCOSITY QF VaPOn o
th=n/s5] ' «1J)=pn2 «73=0)3 e4t=03

2803 T ejé=nd T Vi0=G3 VO 0% ~ TiA¥=¥

WaT10 UF K (NEMATIC VISCOSITIRE ' .
tyasur/itovio} . *T0003 49003 | 49403 034003 | 227003 21001 .10°03  +13¢0)

wicK NG HEJHT FACTOR : X e e e B —
tHan) 7408 e T4eDy «7)=0% e71=08 700y »4%-03 *37=0y YL T .

T M P L KRAT Ul e pPg npg st R RN
TerreRaTunt
(gL vine 28n0.0 2%nen 3uast 3o 200 0.0 3 hep Fepep
vapyk PRESSUNE T oTrTem e e T T T
tn/nen) V7493 SLITT +35%0% eBYeun s1Y*NY  e16%05  e26%0% SN2e0S
LIGUID DENSITY R e R e e
G/ Menon) v10e0e « 10004 +19¢03 eyeny R ALT}) +¥8+03 «*83q) 7y
L xsPON DENSTTY c o o T m T T T T
a tKG/Hen=n} eTHeg?  e)%eQ1  e29=01  s42=0{ _ eT070} 21100 e17%0  c25°00
o
o) SURFACE TLNSION . el e ——
o tn/ny IR LLY.1] «73=0]) «71=01 s4%e0) LLLLIT] *446=01 o690y *63=0}
n LATENT Wear T T T
(L (aeg/KGS . + 25407 225007 029007 e3ue0Y  «24407_ ¢18407 223407 23497
wn THEWRAL CUNODVULTIVETY OF LISVID e . s e g g
o (p/mag) 59030 séNepn 6100 +42400 88400 YALL)
3 - - e e —— —
° . DYNAMIC VISCOSITY OF (IQUiD
o ° 1ko/H=5) $1%.02  e11%U2  _+83°03  s74m0)  o%8%03  e8%°0)  eN370)  +37ud
n o —_—
: S xINLMATIC VISCOSITY OF LV . e i . N
QO 'g tumn/g) s18%20% sil=yd «8)=0é s71=08 '5%=03 «30-0% LT “IB-O%
- i et me—————— e e e - -
o DYNANC YISCLSITY OF vaPoRr .
o (KG/Me ) +77-05 +10=0% +10%04% s11=0%  ellcod w1170 212704 012708
g AL ot _
o
-~
(o
]
E]
=
3
c
]
a
<

LIWYUSID THANSPORT FACTOR
[TYLITYY s13e42 stbel? s2lel? °23.412 e2lery

e31et2 _ed%el2 18417

SOMIL HREAT FLUR .
(a/mamy sdeen? sveheny c12en8 020400 vdee08 T Te¥TGE +¥2%08 #7209

U .

saulc viLogltry
fulyl edteny su2e0) «q)on3 eqyeyy etuen) +984p) XTI} XIYTY)




Appendix A,

Flow Diagram for Data Acquisition Code
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Apnendix B, FORTRAN Names

and Associated Physical or Enginecering Quantities
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Fbrtran Name

MORE

FLUID

LOuT
LSUPP
ARHOL
ARHOV
AXLAM
ASIGM
AXMUL
AXMUV
TEMP
APRESS
XMW
GAMMA
ORHOL

ORHOV

Description

Contre! Point, integer = 0 for last set of data,
otherwise integer = 2 o

Control Point, type of working fluid
1 Hydrogen

2 Nitrogen

3 Oxygen

4 Water -

5 Ammonia

-6 Methanol

7 Acetone

8 Freon-21

9 Sodium

10 Potassium

11 Lithium

12 Mercury

Out of temperature range indicator
Control Point, suppress DAC external output
Liquid density

Vapor density

Latent heat of evaporization
Surface tension

Dynamic liquid viscosity

Dynamic vapor viscosity
Temperature

Vapor pressure

Molecular weight

Ratio of specific heat

Liquid density

Vapor density
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' Uhits

kg/m?
kg/m®
W s/kg
N/m
kg/m s

kg/m s

N/m?

kg/mole

kg/m?

kg/m?3




Foriran Name
OSIGM

: OXﬁUL
OXMUV
OPRES
OXLAI\i

POINT
UNITS

HD

GAS

TMELT
TBOIL
TCRIT
PCRIT
NK
OTEMP
OTHCL
OXNUL
OXNUV
RATIO
OXNL
OH

NBRIT

Surface tension

Dynamic liquid viscosity

. Dynamic vapor viscosity

Vapor pressure
Latent heat of evaporation

Control Point, integer = 1 for data at a tempera-
ture, otherwise integer = 2

Control Point, integer =1 for MK, S, units,
integer = 2 for M, K.S. and British units

Headings (working fluid and chemical formula)

Gas constant

Normal melting point
Normal boiling point
Critical temperature
Critical pressure

Control Point
Temper:iature

Thcrm.al conductivity
Kinemaiic liquid viscosity
Kinematic vapor viscosity
Ratio of kinematic viscosities (vapor/liquid)
I\,iqu%d transport factor
Wicking height factor

Counter for units used
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N/m
kg/m 8
kg/m s
N/m?

W s/kg

-

ft 1bf/1bm°F

atm liter/gm°K

o]
°k, °F
o] (o)

K, F
(8] [+
K, F

N/m?, psi

wW/m OK
m? /s

m® /s

W/m

m




Fortran Name

SONIC
OSHF
BTEMP
BPRES
BRHOL
BRHOV
BSIGM
BXLAM
BXMUL
BXMUV
BXNUL
BXNUV
BXNL
BH
BSONI
BOSHF
BTHCL
TMI3
TMA4
T1
T2

XTEMP

RHOL

Description
Sonic velocity
Sonic heat flux
Temperature
Vapor préééure
Liquid density
Vapor density
Surface tension
Latent heat of vaporization
Dynar‘nic liquid viscosity
Dynamic vapor viscosity
Kinematic liquid viscosity
Kinematic vapor viscosity
Liquid transport factor
Wicking height factor
Sonic velocity
Sonic heat flux
Thermal conductivity of liquid
Storage space ior temperature
Storage space for iemperature
Storage space for temperature
Storage s;iace for temperature
Temperature

Liquid density

C.2-18

Units
m/s
wW/m?

°F
psi
1bm/ft3 |
Ibm/ft3
Ibf/ft
Bt1/lbm
1bm/ft hr

Ibm/ft hr

ft2/hr

' ftz/hr

Btu/hr ft*
ft?

ft/hr
Btu/hr ft?
Btu/hr ft °F

OK, op




Fortran Name
s hame

RHOV
SIGMA
XLAMD
XMUL
XMUV
THECL.
PRESS
MM
IND
NIND
TMIN
TMAX
DT

Al

A2

Description
Vapor density
Surface tension
Latent heat of vaporization
Dynamic liquid viscosity
Dynamic vapor viscosity
Thermal conductivity
Vapor pressure
Number of data points
Counter for output format
Counter for in‘terpolation. method
Minimum temperature
Maximum temperature
Temperature increment
Storage space for temperatu.re

Storage space for temperature
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Units

——

kg/m?

- N/m

W s/kg
kg/m s
kg/m s
w/m %k

N/m?
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2e-20

INTEGER FLUID
20 READ {5,10) Myrg ¢
REAU (5,100 FLUI:L
10 FORMAT (313} e
Lonr=g
LSupv=0
cALL DAC [FLULDsLSUPP L DUT, ARHDL - ~RHDV, AXLAMGAS LG, a XMUL ¢ AX
LMUV, TEMP o APRES o XMWy GEYMA )
IF {MCRE.GT.1) GU TU ¥
STup
END

SUBROUTINE  DAC (FLUID,LSUPPLOUT,ARHOLyARHOV,AXLAM AS LGMy AXNUL 5 AK
IMUY S TEMPoAPRES ¢ XN .3 GAMMA )Y
OIMENSION ORHOL(B)s0RHOV{B),0ST1GH(8),OXMUL{B),GXMUY(EY ,QPRES LAY
OIMENSION OXLAM{B)
© INTEGER FLULOD,POINT, UNITS
IF {L5UPP.LT.2} GO YO 308
NBRIT=0O
. POINT=]
UN1TS=]
301 GO TO (1e20304¢5:0607¢8,9,10,11,12),FLUID
1 CaLL HYDRO {LSUPPLOUToNBRIT,POINT UHT TS, URHOL « DRHOY,,OXLAM,0
LSIGM, OXMUL y OXMUY » TENP ¢ OPRES o XM e GAMMA )
LD TD 303
2 CALL NITRO (LSUPP,LOUToNBRIT,PCINTyUNITSeORHOL + 'RHOV 4 OXLAM, D
ISIGR,DXNUL ¢ DXMUYS TEMP 4 OPRES , XMW, GAMMA )
GO TO 303
3 CALL OXYGE (LSUPPyLOUT NBRIT,POINT,UNITS,URHOL» ORHOV,OXLAN, 0
LSIGHM, OXMUL s UXMUV, TEMP s OPRES y XMW, GAMMA)
GO TO 303
& CALL WATER (LTUPPoLQUToNBRIT POINTyUNITSy0RHOLyURHOVOXLAM,0
LS{CMy OXMUL ¢ DXMUVy TERP , OPRES , XMWy GAMKA )
GO YQ 303
5 CALL AMMON (LSUPP,LOUTyNBRIT,PUINTUNI TS ORHOL y ORHOV o OXLAM, D
1SIGHOXMUL ¢ OXRUY « TEMP (OPRES o XMV g GAMMA )
GO TO 303 .
6 CALL METHA {(LSUPPLOUTNBRIT,POINT UNITS ORHOL s GRHOVOXLANM, O
ISIGM.OXMUL »OXMUV, TEMP  BPRES y XMW o GANNA)
GO 10 303
T CaLL ACETO [LSUPP,LOUT,NBRIT, PUINY'UNITS'ORHDL'GRHDV OXLAM,0
LSIGMyOXMUL sOXMUY S TEMP, OURE Sy XMW GAMMA )
GO Tu 303
8 CALL FRE2L (LSUPP,LOUT,NBRET PUINT.UNITS'OKMOL.ORHOV.OILAN.O
1S1GM, OXMUL ¢ OXRUY 4 TERP OPRES o XMy CAMNA )
GO 10 303
9 CaLL Suolvy (LSUPP.LOUI.NBRIT.POINT.UNI'S-URHOL.UIHQV.OILAH.O
LSIGM OXRBUL s QMUY TEMP L OPRES y XMU, GANMA)
G0 70 303
10 CalL PUTAS (LSUPP,LOUT, NBR!T.POIN‘vUNlYS.CRHOL.ORHGV,O!LAH.U
1SIGMsOXMUL yOXRUV TEMP o CPRES  XMwy GAMMA }
GO Y0 303
11 Cati LITHT (LSUPP,LOUT MBRIT,PCINY.UN]ITS,ORHOL ,ORHDV,OXLAM, O
LSIGMOXMUL sDXMUY o TEMP JOPRES o X MMy CANMAY
G0 YU 303
12 CALL MERCU LLSUPP,LDUT  NBRIT,PLINT,UN] TS DRHOL , ORHDV,,OXL AM, O

1SIGHeUXHUL qUKMUV y TEMP o UPKES o KMm s GAMMA Y
303 ARHOL=MNRHNLIL)

ARHOVIYRhIVIL)

ASIGM=QOSIGMLL)

AXMUL=UXRULEL)

AXMUVEOXMUYLEL)

APRES=LPHRESIL)

AXLAM=OXLAMEILY
304 RETURK

END

SUBRUUTE £ POUTLUHD o XMN» THRELT , TBOIL TOREToPCRITINBRET JGANMA L SUS
GIMENSION HB{2,2}

35 FORMAT {1} '

36 FORMAY (//7/* D AT A ACQUISITION C O DE (DAC)

37 FORMATL/Z//9%  FLUID -.2A6.91-loncninchL FORMULA =,2A8)

45 FORMAY (//¢ R Ko So UNITS?)

38 EORMAT /4724 CONSTANT
15

39 FORMAY (/77/7% PMDLECULAR WEIGHYT (KG/MOLE)  GAS CONSTANTIN-N/KG=
1 RATIO UF SPECEIFIC MEATS®)

40 FORMAT (/F14.3,22XsFLlacTo1TX,F14.3)

41 FURMAT (////7° NORMAL MELTING POINTIK)  NORMAL BOILING POINT(K)
I CRITICAL TEMP(KR)  CRITICAL PRESSURE(N/M-M)")

42 FORMAT (/F13.39TXoF1923sTXeF210306X,EL643)

46 FORMAT (7/° ENGINEERING UNITS®)

PROPERT]

50 FORMAT (//7/° PRULECULAR WEJGHT (LBA/MDLE) GAS CONSTANT (FT-LOF.

L8M=~F) RATIO OF SPECIFIC HEATS) .
51 FORMAY (///7/' MNORMAL MELTING PUINTIF) NORMAL BOILING POINT(F)

1 CRITICAL TEMP(F} CRITICAL PRESSURECPSIN®)
IF (LSUPP.GT.1) GO TO 44

IF INBRIT.EQ.1) GO TO 43

» TFE 16,35)

W Te 16436)

WRITE (6,45)

WRITE (6437) (HD(To1)eIm142),HD{1,2)

WRITE (6,38}
GASx{0.08205/XMW)1¢10.00¢5/0,9869

WRITE 16,39)

WRITE (64400 XMM,GAS,GAMMA

WRITE {(6,41) :

WRITE (6442) THELT+TBOIL,TCRIT,PCRITY

GU TD &%

43 WRITE (6,35)

WRETE {6436}

WRITE 16,46)

MRITE (6437) (MDD, 10,0 Em142),H011,42)

WRITE (6,38)

WRITE 1b,50)

GAS=1545,33/7XRkw

WRITE 18,00) XMW,GAS,GAMNNR

WRITE tAy51)

ITMELT=TMELT#9,0/%,0-4%9.67
TBUIL=TBOIL#9.0/5,0-459.67
TCRIT=TCRIT®Y.0/5.0-459.67

L W

Ly



PCHITsPCRITOI&.T/10.0005

WRITE (69427 YMELT,TBOLL,TCRITPCRIET
44 RETURN

END

SUBROUTINE POUT2 (NK,OTEMP,OPHES, URHUL y URHOV¢UISTGMoOXLAM,UXMUL o (IXM
LUV GAMRA XMW, NBRIT, OTHCLyPOINTHLSUPPY
DIMENSION OFERP(B8),OPRES(810RHUL(B)s0RMUVIBIoOSIGHMIB]ORXLANIE)
OIMENS ION OXMUL{B)0XMUYIB) ¢ OXNUL(B) yOXNUVIB) «RATIOIB),OXNLEB)
DIMENSION OH18),SONICIB) 40 HFL8) ,OTHCLIY)
OIMENSTON RTEMPIB)BPRESEB) pBRHOL(B) +BRHUVIB)¢BSIGMIB) ¢BXLAMID)
OIMENSION RXNUL (8),BXMUVIB)I ¢BXNUL(B) »BXNUY(B)4BXNLIB) . BHIY)
DIMENSIUN BSOUNE(D),BOSHFIB!sBTHCL (4)
INTEGER POLINT

66 FORMAT (*1°%}

67 FORMAT(® TEMPERATYURE-DEPEN
1DENT PROPERT I ESY

68 FORMAT (7/¢ TEMPERATURE®)

70 FORMAT § /% VAPOR PRESSURE®)

T2 FORMAT ( /% LIQUID DENSITY?)
T4 FORMAT | /° VAPOR DENSITY?)
76 FORMAT ( /° SURFACE TENSION®)
TE FORMAT 4 /% LATENT HEAT®)
8U FURMAT t /% THERMAL CONDUCTIVITY OF LIQUID®)
82 FL.MAT ( /* DYKAWIC VISCOSITY OF LIWwWiD®)
B4 FORMAT ( /% KINEMATIC VISCCSITY UF LIQUID®)
86 FCRMAT ( /¢t DYNAMIC VISCOSITY OF VAPORY)
90 FURMAT ( /' KINEMATIC VISCUSITY OF VAPOR®)
92 FURMAT | /0 RATIO DF KINFMATIC VISCOSITIES®)
9% FORMAT { /¢ WICKING HEIGHT FACTDR®)
97 FURMAT ( /* LIQUID TRANSPORT FACTOR®)
99 FORMAY ( /* SONIC HEAT FLUX®)
121 FORMAT ( /* SONIC VELOCITY*)
]

69 FORMAT 1TH  {KELVIN) »23X%s8F10.11)
T1 FORMAT (14H (N/M~R) - 926Xy 8E10.2)

73 FORMAT (1SH (KG/M-H-H) 025K 8€10.2)

T9 FORMAT (15H {KG/M-H-M) »25K48010.2"

71 FORMAT {L1H (N/M) 129X, 8E10.2)

79 FORMAT (1IH (W-5/KG) #29X,8E10.2)

81 FURMAT (19H (W/M~K) 921X, 861042}
83 FORMAT (16H (KG/H-S) 0264XB8E1042)

85 FURMAT {1TH (M=M/S) 123%X,BE10.2)
89 FORMAT {16H (KG/M=S) 926X, 8€10.2)

9L FURMAT (ITH  (X-M/5) 923%X,8E10.2)
94 FORMAT (20H (VAPOR/LIQULD) 020K, 8L10.2)
96 FORMAT (10H {M-M)  ,30%X,8E10.2)

98 FORMAT (14H (W/M~M) 926Ky 8E1042)

100 FORMAT (10H {(W/M=M)  ¢2BX,8£10.2)

119 FORMAT (18H (H/S) 922X, 8610420
103 FORNAT { 1?H (FAHRENHEIT)  ¢23X,8F10.1)
104 FORMAT (13H (PSI) 227X, 8E10.2)

105 FURMAT (184 ({(LBM/FI-FT~F1) ,22X,8E10.2)
106 FORMAT (184 (LBM/FT=-FT=FT} ,22XyBE10.2)
107 FORMAT (14H (LBF/FT) 226XotEVD,L2)

108 FURMAT (JiH  {(BTUZLBMI 29K, 8E10.2)

109
ito
1l
1e
113
114
115
120
116

11

65

102

101

FOKMAT (19H  (BTU/HR-FT=F) »21X08EL10.2)

FURMAT {tTH (LOM/FT-HR) 923Xe8EL10.2)

FORMAT (ITH  (FT=-FI/HR) 023K, 8E20.2)

FURMAY [L18H (LBM/FT-HR) 22Xy 8L10,2)

FORMAT (16H (FY-FT/HR) 124X 8L10.2)

FURMAT (12H  [FY-FT) ¢ 28X, 8E10.2)

FORMAT (18H (BYU/HR-FT=FV} ,22X,8EiV.2)

FUAMAT (19H  (BTU/HR-FT=FT) v21Xe3EL10.2)

FORMAT (18H (FT/HR) 222K BEL10. 2}

IF {LSUPP.GT.1) GO TD-117

1f (PGINTLEQ.1) GO TO 11

1F (4K.EQ.L) GO TO 117

WRETE {6,66)

HRITE (6467)

U0 65 I=],NK

OXHULET)=0XRULTT)ZO0RHOL(])

OXNUY LY =OXMUYIT)/ORHOVIT)

RATIGUT)=0XNUVEE)/Z0XNULELY
OXNLUI)=OSIGM{T)*OXLAMC] VSORHOLE L }/0XNMULED)
URLE)=0SIGMIL}/7(9.820RHULITY

SONICET ¥ ({GAMMASOTEMP(])8]1.801545,33032.2/XNN}*90,5)80,3048
USHF (11 =0XLANL T YOORHOVI 1 }#SONIC(1) /(2,00 (GAMNA+1.0) 0800, 5
CONTINUE

1+ (NBRIT-0) 101,102,101

WRITE (64068)

WRITE (6569) (OTERPI1)yI=14NK)
WRITE (6,70}

WRITE (6,71) (OPRESI1),1=14NR)
WREITE (6,72}

WRITE (60731 (ORHOLELIVylmleNK)
MRITE (G741}

MRITE (6,75) (ORHOVUII)y1=14NK)
WRITE (6,70}

WRITE (62770 LOSIGMUL)y1=1oNK)
MRITE (6,78)

WRITE (6479) (OXLAMII)y1sleNK)
WRITE (&,80)

WRITE (6,81) (OTHCLEL)yJulyNK)
WRITE (0,82)

WRITE 16,830 (OXMULCTL)yTa2lyNK)
WRITE (6,84}

WRETE (6,865) (UXNULET)y Ll=1eNK)
WRITE (6,86)

WRITE (6489) (OXMUVIL)1=14NK}
WRITE (6,50}

WRITE (6e91) (OXNUVIR)yInmlyNK)
WRITE (6492)

HRITE (5494) (RATIO(E)o1=1eNK)
WRITE (6495)

WRITE (6496) (OH{1)oI=14NK)
WRITE {6,97) .

WRITE (6498) (OXNL{IBsl=1yNK)
MRITL (6,99)

WRITE (641000 (OSHFE1)e1w1yNK)
wRITE (6,121}

wRlTe (691190 (SONICKTRoI=]sNK}
Gl Tu 117

GO 116 I=)eNK"




ATEMP{I)sUTENPL])09.0/5.0-45Y00T
OPRES L) I=OPRESL])*0. 0001451
BRHOL(T)*CRHLULETIOUL. 06243
SRHOY L1 )0RHNIVI ] ) *0.06243
- BTHCLULDsOTHCLLT)*0.»T780
ASIGRIEI=0SICMI[)#0.0057080L2.0
CBXLAR{L¥=CRLAME [ )00 0004302
BXMUL (S )aOXMUL(1)82.205%2600.0/73,281
BXPUVLT)sOXMUVEL192.205¢1600.073.281
BASULLL)sDXNUL (1)93600.003,20108/
BXNUYL G IsUXNIV{[)93600.0¢3.281002

Loytrs2

13 FOWMAY 77300 THF TeMPERATURE RANGE [S FRUMMFRLLo6HIKY  T(,F8 1,4
1K) .

4 FURMAT (/7755H TEMPERATURELS) EXCEEDS TABLF <ANGE, THEL  RANGE IS Fk
UM Falg6HIF) TOuFBalyah(F)a) .

24 FURMAY (/720H THE TEMPERATURE IS,FB.le4HIF).}

15 FORMAT 177310 THE TEHPERATURE RANGE 135 FRUM FB.1,6MEF) TU,F8.1,4H
1{F).} .
whiTt (6,100
1F (%BRIT.FQ.1} GU TO 3
WRITt (6943) TMI3,THAS

AXNLAT)SOXNLI1193,412973.281e82 o IF (PUINT.NELD) GO TU 11
SHITI=0H(1183, 281092 &y WRITE (6912) TENP
SSONILE)=SONIC(T)83.28193600.0 E?@ o) Ty 22
BUSHF (T )=0SHF(1)03,6129/3,281982 o 10 WKITE {6,130 V1,72
WRITE (6,681 . =) o 22 IF (UNITS.EQ.1) GU TO &2
WRITE (65103) (BYEMP{I), [1,MX) > O RE TURN
WRITL (6,70} &= 3 INE32THI399,0/%.0-459.67
WRITE (6,104 (BPRES(L),lnlonK) - TMAG: THAA®9,0/5.0-459,67
WRITE (6,720 & TEMPATENP99.0/5.0-659.67
WRITE 16,105) (BRHOL(1),151,MK) N £ 1127109,0/5.0-459.67
WRITE L6476} F 1227209.0/5.0-459.67
WRITE (6,106) (BRHOVEI),1s1,NK) Gy WRITE (6¢6) TMI3,THAS
WRITE §b6476) . [ S0 1F (PUINT.NE.1) GO TQ 14
WRITE (64107} (BSICMII),I=1,NK) e WRITE (6424) TEWP
WRITE (6,78) E - L0 10 62

o WRITE (6,108} [BXLAN{T),[=1,NK) - 14 WKITE (6915) T1,T2

$ WRITE 16430) o o IS 62 RETURN

n WRITE (64209) (8THCLOT), foLsNK) ég END

o WRITE 16482} .

5 WRITE 16,0000 (BXMULET),J=1,HK) &~

!
WRITE (6,041 e
WRITE {69111} (BXNUL{T),Im1oNK)
WRITE (6,06)
WRITE (641120 (BXRUYLL)4L=lsNK)
WRITE (6,90)
WRITE (64113) (BXNUV(L),LuloNK)
WRITE (64921
WRITE (6,94) (RATICII)y1s1,NK)
WRITE 16,9%)

SUBROUTINE HYDRO (LSUPPoLOUTyNBRETyPOINToUNTTS,ORHOL ¢ ORHOV,OXLAN.O
1SIGM, 0XMUL s OXMUVs TEMP o OPRES o XMW GAMMA Y
OIMENSION XRULI301¢XMUV{30)4HD(2+20¢XLANDL30),OXMULIB) ,OXRUYVIE)
OEMENSIUN XTEMP(30)4PRESS(301,RHOVI30)4RHOLL30)(SIGNALZO}
DIMENSION OTHCL(B),OXLAMIB) ,OTENP(B),OPRES(8) ,0RHUL {8 )ORHOVIS}
DIMENSION OSIGM(8)THECL{30)
INTEGER POINT UNITS
15 FORMAT (7/° NOTE THPUT TEMPERATURE RANGE HAS BEEN AJJUSTEQ®)

WRITE (6,114} (BHUL),E=L,NK) 16 FORMAT (1) .
VRITE (6497) HM=g

WRITE (641150 (BXNL(I)yI=1eNK) IND=O

WRITE {6,99) NBR1T=0

WRITE 641201 (BOSHF(1}slnlsNK} GAMMA=] .41

WRITE (6,121} XMN=2.02 .

WRITE 16,1160 (BSONICIDe1o1,NK]) TCRIT=32.9

RETURN THELT=13.81

£ND 1801L=20.27

SUBROUTINE POUTI C(TMIITMAAGNBRET UNITS,PUINT, TEMPT1,T2,L00T)
INTEGER UMITS, »OINT

PCRIT=107.26,095¢10,003

DAFA (HOUIo1)plal92)oHCE1e2?/BHHYDROGEN,2VH2/

DATA (XTENPEI)91a149:714.0015.0017000190092820923.0925.0027.0529.0
17

DATA (PRESS(T)e1m1e5)/ T.40E+43o1o30E44,3.46E¢4,7.55E04,1.30E05,2.2

10 FURMAT (*1°} L13E0543027645,4,27€05,6,00E¢5/

43 FORMAT {/755H TEMPERATUREIS) EXCEEDS TABLE RANGL, THF RANGE IS FR VATA (HHOLEL) 132090/ TabkbE o TeA2EPLoTa36 41970226414 Ta02E¢146a7
10MeF? o1 46HIK) TUFBLYsaHIR) ) LT641,6.42E01,5,990L¢1,5.53k¢17

12 FOKMAT (//20H THE TEMPERATURE IS.F8.1,4H(K).) UATA (RHUVID D)o I=199)/1.52€=192.20E-144.90E-1,9.45L~141.6T7E¢0,2.70F

ol
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Ge-¢3

10U 4.0BL#Ce0.U3E40,9.02840/

DATA (SIGMA(T)elnly9)/ 2.94E~0e2.81E-392.49E~302014k=3 1 aT76=)0le
LIE=3y1.06F=3,7.10E-6¢3.20L~47

DATA (XLAMDIT) o081 49)/ 4e93E05,4052E95¢0.48L0904.43E¢9,4035k¢944.2
13Ee5,4.0TESS¢ 30264543, 35605/

DAFQ (XMUL(T)glalea@)/ 2434E~592.1BE~542.08c=%¢1046E-541025F~9,141
PAE-541.0TE-%9}.0LE~-S,9.30E~6/

QATA (XMUVEL) g 121091/  TaOOE -TyTa50E-T40.600~T9FaT70E~T5 [ 0UE~bqla2
LIL=8etadeE-bylobbE-0,1.60E-07

DATA {THECLUL)oI=1491/ 1.03E~1g0a06E~LalallE~1lolal36=~1yle2?0E~14la?

L L9E~101,29E-141.34E~1,1.28¢-1/

NIND=L
LF (LSUPP.GT.L} GO TO 12
READ 15,300 POINT,UNITS

30 FORKAT ((013)
12 1F (POINT-1) 31,32,31
32 LF (NBRIT.EQ.1) GU TO 64

CIF (LSUPP.GT.1) GQ TO 64
READ (5,33} TEMP

33 CORHAT (BF10.41)
66 IF (TEMP.LT.XTERP({1)} GO Y0 34

IF (TEMP.GT.XTENP{RH}T GO TO 34
40 10 11

31 READ (5433) FREiN, THAX.OY

1F (NBRIT.NELL) GO 10 S
THINT (TR H459.6T)1¢5.0/9.0
THAX2 { THAX+499.6T7)$5.0/9.0
0I=DT95.0/9.0

S IF (TAIN.GILXTEMPIMMI) GO TO 34
IF {THAX.LT.XTENPILY) GD TD 34
1F CIRIN.GCELXTENPLLY) GO TO 43
INDa}
TA{NSXTEMPIL)

43 IF (TRAX.LELXTEMPIMN)) GO TOD 44

1ND=]
TRAX=XTENPIMN)

44 TENP=TRIN
11 CALL POUTIIHD XMNTMELT, TBOIL, TCRIT,PCRITINORT T ,GCAMMALLSUPP)

1F (POINT.NE.1) GO TO 20
IF LTEMPLLT.XTENPLL)Y GU TD &)
IF ATENPL.GT.XTEXPLMN)) GO TOD &3

59

60

o8
57
61

IF (XTEMPLID=TENP) 68¢59:60

11s]

UTFMPIK) s TENP

UPRESIK)=PRESSLED)

URMOL () =RHULLTL)

URHOVIK ) =RHOVI L)

USIGMIK)I=STIGRALLL)

UXLAMIK )2 XLAMD{LT)

OAMUL (K)o XMULELLY

UXAUV L) aXMUVELT)

OTHCL (K )I=THECLLTL)

1f (PUINT.£QaL) GO TO 61

GO Tu 57

IE (l.EQ.l) GU TO 59

1=t

fu=i-1 .

OTLMP(K) = TENP -
UPRES(IIAEXPULIALOG(PRESSLIL11-ALOGAPRESSUICI I IPTENPo(RTENPLIL)OAL
LUG(PRESSELOII=XTERP (IO ®ALOGEPRESST LI I I/ UXTERPLLIN-XTERPLLIOEE)
QREUOU(KIARHOLA T T ) ¢ {RHOLC L D-RHOL CLOY )OL TEMP-RTENPLLL D) 7 {RTENPLTL) -
LXTERPLLOYY

ORHUVIK)=EXPCLLALOGE RHOVEITII-ALOGE RMNOVIEOIIISTENPoCRTEMPITEIOAL
10G4 RKOVEIOII-XTERPCIOIOALOGL RHGVLILIDIZLRTENPLLLV-XTERPLIOEE)
OTHCLIKI=THECLLIEYS{THECLAC 1 -THECL LSO IO CTERP-XTERPLLIFI/ZUXTENP(YL
LIV -xTERPLIOY)

OSICMIK I STOHMALT1 30 ¢SICHALTI I =SEGRALIO O TERP-ZTERPILI)})/I{XTERP(Y
LI)-xTEMP{1CY)

ORLAMER = XLAMOC L) (XLARDL T I=XLANDC IO IS CTENP-XTENPCIL) ) ZEKTERP(L
113-XTempiiag)

OXMULERI2RMULCE S 1ot XMUL L EEV=XRHUL (IO IO YEMP-XTENP{EL IV /ARTENRPLED )~
1XTEMPEI0Y) N
OXMUVERJ2XMUVE T} oiXMUVETE}~XKUYLEO) S { YENP-XTENP (I IV /7(XTERPLLIY~
AXTEMPEIO}Y

1F (POIMT.EC.1) GO TO 61

6N fu ST

CONTIRUE

CONTY INUE

CALL POUT2 (NK,OTEMP,OPRES ) ORHOL ¢ ORHOV o OSFGM, OXLAN DAMUL o DXNUY 4 GANR
1MA XKuy NBRET s OTHCL o POINY oL SUSPY

1f (PUINTLEQ.Y) GO TO 10

tF LTERPLE.TRAXY GD Y0 99

20 1F (PDINT.EQ.}) GO 1D 21 10 1F INBRIT.NELO) GO TO &2
1F LTMIN.GI.XTEMPIRN)) GD YO 10 NBR]T=)
IF LTHAXLLY.XTEMPIL)) GO YO AD IF (UNITS.EQ.2} GO ¥O 42
23 1F {IND.tQ.O) GO YO 14 GD YU &2
WRITE lap1b) 34 Al=XTEMPLY)
NRITE C6y1%) A2sXTEMPINN)
14 IF [POINT=1) 45,4b6,45 IF {PUINT.EQ.1) GO 0 %%
46 0T=0.0 1ERP20.0
TRAX=TEMP GO Ty b8 .
45 TLHPaTf MP-DT : 5% TRIN:O.O
99 00 57 K=1,8 IMAX20.0
TEMp=TEMPeOT 66 CALL PUUTY tAL A2¢NBRIT,UNITS,POINT, TENP,TRIN, THAX,LOUT)
IF (K.NE.D1) GU TO B8 63 IF {UNTTS.NE.2) GU 1O &2

IF (TEMPL.GYTRAX) GO 10 &3 IF (NURITLNELO) GO TO 62
88 1F (TEMP.GT.THAX) GU TO o} KLUER LSS

W ak IF (PUINT.NE.1) GO TO W

00U 6B 1=NIND, AN WU TU 66

e B L TR R U Wr o,
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SUBRUUTINE NITRU (LSUIPPoLOUT yNORIToPLINT UNTTS » ORMOL o LRHUY y UXLAMy U

LSIGMyUXMUL ¢ OXPUV, TEMP 3 OPRES o XMW GAMMA)

CIMENS [UN XNMULCIUI9XMUV( 3019 HMDE 252 KLAMDE 301 o1 XMUL (8] 4 OXMUY (L)
UEMENSION XTEMPU30)PRESSUIV) ¢RHOVESUISRHDLLBUD,SIGMAL30Y
DIMENSION OTHCL(B)2UKLAMIB) 4OTEMPI8) 4UPRESIB) o ORIILEIBY 4ORIUVIE)
OIMENSION OSIGMIBETHECLL3O)

INTEGER POINT,UNILTS

16 FOAMAT (*1*)
15 FURMAT 12/7¢ NOTE INPUT TEMPERAFURE RANGe HAS REEN ADJUSTED®)

MM=l3

IND=0

NBR[T=0

GAMMA= 1,404

XMW=28.02

TCRIT=125.98

THELT=63.14

r80iL=77.35

PCRIT=I,39%50)10,0%%

OATA (HDL3al)y1m1y2)oHO(L1e2)/8HNITADGEN, 2HN2/

OPTA UNTEMPU1)¢191¢13)765.0¢7000¢75,04080.008%.0,90.0995,04100.0,10
15.04110.04115.04120,0,12%.0/

DATA {PRESSUI)e1r)913)/1.TOE4443.82. ¢4, T.50E04,1,32645,2,2064%5,3.5
JOE#595.40E45,7.083E05, 1. 11E¢6,1.52648,1.99E46,2.%0E46,3.25¢ 067

DATA (RHOLIE) o 1=ty 130/8.0AC4200.,45E0293.20E429B.02E4247.78E42,7,.52
16429 1026E0206.94442,6.,91€42,6,26E92,5.82E¢215.2684206.31E42/

DATA (RHUVIT)p121,130/9.20€~1y1a03E¢093.80E205.82F¢049.65E40014%2
LE#L 2o 20E2L 3 104 4 %233E0 05,9001 ,7.95E0)1al3E0242.108427

OATA (SIGNAR{LIDolrie1 )/ el PE~290240%~299030E-)30e206~D,7.16E-3,6801
E5E=345013E=3,8,15E«333,20E~392.28E~39la®0F~396a80E~4y1.20E~4/

DATA (XLAMDIL) o 0mly13)/2. 0 E25¢2.06E4552.01E¢591095E4%,1,88t¢%,1.8
JOE#501012E¢5,1.062E4500.49E45,1.35E05,1.18E45,9.30E26,4,40F94/

DATA (XMULLL D o8mYyi3)/2.T9E=0024198=4, 1 T80 -Ael.bLE~4,1,.206-4,1.00
16-479.20E~548,40E=5y T FUE~S9 Tu50E=5, T, 10E~5,06.80E-5,6.506-5/

DATA {XWUVIED 301 p13)/74.00E~694.90F-0,%.38E~615.61F=0¢3.20E~646.70
1E~60 0 10E~63Ta5%E~L98o)5F~639.00E-691.05E=591021E=5,10b62E~5/

DAFA (THECLAT)olnlyl3)/0ab0E~19laS52E-Ltalobtb=lyladof-142.276-101l02
19E=191el0E=]LyleQd'E~199.20F~248.208~247.10E-2,06.00E~2,4,00€~2/
NIND2]

1F (LSVUPP.EGT.2) GO TQ 32

READ (5,30) POINTLUNITS

30 FORMAT (10131
12 ¢ {PUINT~1) 31,32,71
32

1F (NBRITL.EQ.L) GO TO 64
IF {LSUPP.GT.1) GO TO 64
READ (5,330 Temp

33 FORMAY (8F10.4)
84 IF ITEMPLLT.XTEMPILY) GD TD 34

]

v

St o ST SR

IF (TERP.GT.ATEMPIMM)) GO 10 D4
GO Tu 11

HEAD [5433) TMIN,TMAX,0DT

1F INBRIT.NE, L) GD 10 %
THINa(THING4S9,6T)145.0/9.0

bt Y el et ey e

TMAK2 (THAKG457.6T)95.07940
UIsDTa5,0/9.2

% BF CTRINGGTJXTEMPIRM)) Gu TU 34

IF (IMARLLYILRTEMPELY) GU 10 34
IF (THINSGELXTEMPLL)) GU YO 43
L=t
THINXTERPL) Y

43 IF (IMAXGLELATEMPIMN)Y GO TI) a4
Iyu=14
THAXXTEMP(MN)

A6 TEMPaTMIW
Bl LALL PGUTR{HU KRN TRELToTBOIL s TCRITyPCRETSNBRE Ty GARNALL SUPP)

IF
113
tF
20 IF
IF
IF
21 IF

(PUINT.NE. L} GO TO 20
LFEMPLLTXTEMPIL)) GO TO &)
LIFMPLGT XTEMPENMY)Y GU 'TU 63
(POINT.EQ.L1} GO YO 21
(TMINLGT XTEMPIMU)} GU TO 10
ITHAXLLT.XTEMPEL)) GU 10 )0
(IND.EQ.C) GO TO 1e

WRITE (6416}
KRITE (6,15)

16 1f

(PUINT=1) 49,46,4%

46 DT=0.0
TMAX=TENP

45 TERP=TERP-OT

99 DO 57 K=1,8
TERP=TEMPDT

1¢
113
88 )f

iK«NE, 1) LO TO 88
{TENP.GT.TRAX) GO TO 63
(TERP.GT . TRAX) GO TO 61

YK uK
D0 68 L=aNINDoMM

IF

(XTEMPLII-TEMP) 68,959,860

59 (1=} .

OTEMP{R)=TENP

UPRES(K)=PRESSILTD

QRHOLUK)sRHOLITT)

ORHOVIK)sRHOVLE])

USIGNIRI=SIGMALELY

UXLAM(K)»XLARDE D))

OXMULIK ) =XRULLTTY

OXMUV(K)=XNUV{11)

OTHCLAK = YHECL(IT)

IF (POINT.EQ.1) GO Y0 &1
40 Tu 57

60 IF t1.EQ.1) GU Tu %9
1=l
30=1-1

O EF/PIR)ATENP
OPRES(KInEXP({(ALOG(PRESSCTL I I=-ALOGIPRESSTICIIIPTEMP+ CXTENPCTTI®AL
LUGIPRESSIIUN)-XTEMPLIOISALOGIPRESSLITIN))/IXTERPLLT)-XTENPLLEOY))
URHOLEK I SRITOL CLT)# (RHOL I 11 )=RHOLE 1O VS CTERP-XTENPL LIV IZIXTENPLIL)-
IXYENPLIOY)

URHOV(K) =t XP{ELALOGE AHOVERL ) 1=ALOGE RHOVIIO)}IOTEMP(XTENP ] )0AL
fUGL RHUYLINNI=XTENPLINISALOGE RHOVALI}I))I/UNTEMPLITI-XTENPLTON))
UTHEL (X aTHECL 8T 2 ITHECLET1)=0HECLEJO) )L TENP=XTENPELILD ) /ARTERP(L

100~ .
USIGH(KI-SIG"!(!Il‘(SlGﬂl(ll[-SIGNA(IODIO(IENP-KIEHF(llilI(lT(NF(I

XTEMPLIONY
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22-29

LEI=XTERPCIUTY
OXLAMIK ) XL AMOS T )4 CXLAMCLEEY=XLAROE TG IO (TERP-XTEPPILT NI/ IXTLIP(]
LLb=XTEMPLIUN)
DXMUL NI 2XMULE S T4 EXMULLTL)=XMULLIO) IO LTEMP=XTEMPLTUI N/ LRTFRPLIL)~
AXVENP(I0S)
UKMUV (K)o XMUV{ LD o EXRUVETT )=XPUY (203 ) (TENP-XTEMPLIED)/ZEIXTEF L)~
AXTEMP(1DY)
IF (PUINTLEQ.1) GU TO 61
Gu 10 57
68 CUNTINUE
ST CONTINUE
61 CALL POUT2 (NK,OTEMP,OPRESORHOL ¢ ORHIW (IS IGMeOXLAM,OXMUL s OXMIVGAM
1HA, KK g NBRET o OTHCL o POINT 4L SUPP )
1F {PCINTL.EQ.LY LU 1O 1O
If (TEMP.LE.TMAX) GO TO 99
10 IF (NBRIT.KZ.0) GO VO 62
NBR1T=1
1F (UNTTS.EQ.2) 60 1O 12
GO0 TO 62
34 AL=XTEMPLL)
AZaXTENP (HH}
1F (POINT.€Q.1) GO YO 5%
FEMP20.0
G0 TO 66
55 THIN=0.0
THAX=0,0
66 CALL POUT3 (AKyA2oNDRITGUHITS,POINT o TEMP o THIN, THAX(LUUT)
63 [f (UNITS.NE«2) GO TO 62
IF INORIT.NE.O) GO T0 62
NBRITa]
IF (POIKT.NELL) GO YO 3L
GO TO 64
62 RETURN
END

SUBROUTINE OXYGE (LSUPPSLOUT+* JRIT,POINT,UNITS,ORHOLy ORHOV,0XLAN, 0
1S16M OXMUL o OXMUV, TEMP ,OPRES s XMW GAMMA)
OIMENSION XMUL( 301y XMUV{30)4HD( 2,209 XLARD(30) ,0XRULLE)OXMUVLE]
DIAENSION XTYEMP{30),PRESSII0I/RHUVI20),RHOLI30)S51GMALIN)
OLMENSION OTHCLEB) JOXLAM(O)OTEMP(O),OPRESI),ORHOL (R),0RHOVIA)
. DIMENSION DSIGMIB),THECLLDO)
INTEGER POINT UNITS
16 FORRAT (*1%)
15 FORMAY t/2/° NOTE
[LLLENY '
IND=O
NBRIT=0
GARMA=] 401
Xnw=31,.9988
TCRITaL54.7
IMELT 234,08
1801L+90.2
DATA (HD(2o10olu1,y2)4HDILy2)/8HORYGEN (2HO2/
PCRIF=.507010.007
DATAIKTEMPE 13o1e1911)760,0,7040+80.0490.04300e0,110405120.0,130.04

INPUY TENPERATURE RANGE HAS BEEN ADJUSTEDY)

WS R e s wopwar R LEIREE et stk it

30
12
3¢

33
.3

n

A

43

44
[§Y

20

21

14
ys

)
4

140U, 145.041%0,0/

pera cvurssc|).l-l.l|l/n.&oeoz.o.totos.3.09!oh.v.qoso~.2.5;ros.s.
LUEe530u90E 05, 2 TLE6, 2. 73F 00, 3.45F46,4,40E46/

OATA (KHULLIDaRnly TR0/ 2429t 9301.24093,1.19003,1.04843,1.09643,1,0
13E03,9.T1E02, 90 1BE02,0.29E 025 TobTES246485E42/

DATA (RHOVED) o Eo Lo k1D 1370 1olal9€~001.01E0004.1064uslanaEel 2.3
JUE®L g4 050k €1, 8. 00E¢1y1.33E02) 1,80k ¢2y2abik 02/

OATA (SIGMALL) o l®1e12)/2.06E~2¢LaBZE~29te58E201004E~201410E-2,0.7
LUE-3060800=354.07k=3,2.13E~3,1.28E~3,5,70€=4/

DATA {XLANDUY) o 120920072405, 2,32E0502,26E45,2.15E¢5,2.00E45,1.9
LEE5, LaT5EeS0 1o 94E45, Lo 2AE 43, 101645, T.C0E+4/

DAFA (XMULUTelnlolt)/ 5095E~¢ JohBE~492.49E-4y1.89E~4). le-A.l.z
18E=a, 1 13E=801.0%E=499290E~5¢9.60E=%9.406=5/

UATA (XMUV(TDyInlyl1)/ $.00E~by3e52E~0,6,12F~ b.b.1l§-b.1.b0!-6.ﬂ L3
BUE=6,9.63k-6401.12E-5, 1o30E=S9LobbE=2¢1.T1E~5/

OATA (FHECLUS}olulygll)/0eB36ty T2k s ub0E-100.49E=142a37E=0,002
15E-141e4t~)e9oB0E-2,0.10E=2¢7.10E=2¢%.80E~27

NIND=1

IF (LSUPP.GT.1) GO TD 12

READ (5,30) POINT,UNIIS

FURMAT (1013}

1F (PUINT=1) 31,32,31

IF (NBRIT.EC.I} GO YO 64

IF {LSUPPLST.1) GO TO oe

READ (5433) TEmMp

FORMAT (BF10.4)

IF LTEMPLTLXTENPELY) GO TU 3

1E (TEMP.GU . XTERPINKY] GO T 34

U Tu L

READ (%433) TMIN,TMAX,OT

1F {NARITONELL) GU TO 5

THINA{THIN+459,67195.0/9.0

THAX> { THAX$459,67)$5.0/9.0

DT2D185,0/9.0

IF (THINJGT . XTENPINM)) GO TO 34

IE (TMAX.LT.XFENPI1)) GU TO 34

1F LTAINLGELRTENPLL)) GO TO 43

IND=L

THINSXTERPLL)

IF (TRAXLLELXTERPINM)) GO TO 44

INDa)

THAX= XTERP (MM}

TENPaTMIN

CALL POUTLUHD, MMy TRELT o TBOIL, TCR1T,PCR1T,NORIT ;CARNA,LSUPP)

1F (POINT.NE.1) GD 1O 20

1+ (TEMP.LT.XTEMP(L)] GO TO 63

IF {TEMP.GT.XTENPIMN)) GO 10 63

1f (PUINTLEQ.L) GO TQ 21

IF {TMIN.GT . XTEMP{MM)) GO TO 10

IF (TRAX.LTXTERPIL)) GO TO 10

£+ (IND.EQ.O) GO TO 16

sRITL (6860

WRETE (8415%)

IF 1PUINT=1) 45¢40,45

01:0.0

THAX=TENP - = .
TEMPs ) EMP=DT : : : »
00 51 Krl,8 : )

s s e

A e B L b b e tr bt e LD AT A



ee-d'_o

it G A, P AL condat et et e 8 A i A s Y vpa s s

JFMPaTEMPODT - .
I (R.NELLY LU TG 83 :
IF ATEMPLGTLTHAKY Ll TU 63
88 IF (TEMP.GT.TMAX) GJ TU 61
NK=K
ST 00 68 1=NINDY N
EEEE IF (XTEMPLLI~TEMP) 58459460 °
o 59 Ils1 . .
CIEMPIK) =TENP
UPRES(K)SPRESST11)
URHOL 4% b s RHOL L L)
URHUV (K bRHOVLT [}
CSEGHIRI=SIGRALTTY
UXLAM(K ) aXLAMOLLT)
. OXMUL(K)=XMUL{TE)
. UXMUVEK) aXHUVEET)
UTHCL(K)=THECL(L1)
IF (POINT.€Q.1) 4O TU 61
60 TU 57
. 60 1F {1.€0.1) GU 10 %9
SR 11
10eq-1
OTEMP(KI«TENP
UPPSSIK)=EXP{{{ALOGIPRESS(11})=ALUGIPRESSC10)) ) #TEMPo{XTENP(TTIVAL
1USIPRESS 110} )=XTEMP ( 10) ¢ALOGIPRESSLITII)I/(XTEMP(1E)~XTEMP(EU)))
UKHOL (X )aRHOL (110 ¢ {RHOL {11 )-RHOLEIQ} )8 CTEMP-XTEMP{ I/ EXTENPLLL )~
LXTENPLID))
TRHOVIRREXZ( (1ALOGE RHOVI11))=ALOG( RHOVCIO)))OTEMPoIXTENPELED eAL
10G¢ KiiOvi10) )~XTEMPLIOICALOGE RKUVEREN))IZEXTEMFCLITD=XTEMPL101))
QTHCL (K = THECLU 11D {THECLATS)~THECLE 10D IS L TENP~XIENPL1TD )/ EXTENPLL
L1)=XTENP(10))
“OSIGH{KI=SIGMALLI)O(SIGMAT T )~SIGMALION IO (TEMP=XTEMPLIT) D/ (XTLMPL
LEI-XTENS(EO))
UXLAMIKIwXUARDE 15 3¢ {XLAMOLST)-XLAND( 10D )8 {TEMP=XTENRLIE) )/ (XTERPLT
AD)=XTEMPLI0))
OXMUL (XD = XAUY (1E) o4 XMULE 1T )=XMUL (1) ) (TERP=XTEMPLT L) ZUXTENPLLT)=
LRTENPLIOH)
OXMUVEKI=XMUVETT Do {XRUVETIE b =XMUVLIQI IS (TEMP=-XTEMPIIT) ) ZIXTENPLLT )=
AXTEMPLLON
IF {POINT.EQ.1) GO TO 61
G0 10 57
68 CONTINUE
S? CONTINUE
61 CALL POUTZ (NK,OVEWP,OPRES,DRHOL »ORNDV, 051G DXLAM, OXNUL s OXNUY, GAN
1A, XMW NBRIT o OTHCL o POINT o LSUPP)
IF {FUINT.EQ.L1) GO TO 10
IF (YEMP.LE.TMAX) GO TO 99
1C IF (NBRIT.NE.O) GO T0 62
NHSRIT=l
i (UNITS.FQ.2) GO TO 12
50 Tu 62
34 AL=XTEHP(1)
A2=XTER (M) .
LF (1OINT.EQ.1) GO TO 55
TERP- 2.0
60 TL Wt
55 THIN=0.0
TNAX=0,0

wo CALL »DUT) !Alolz.Nﬂlll.UNIl&.PUlNY;IEI’.IHIH.IHAI'LDUID

o1 LF (UNITSNELZ) GO TO 827 ) S

1F (NHKII-NE-D) Gy Tu 62
LLEYRET)
1F (PUINT.RELLY. LD TJ DI

GO TU b6 ¢ . R L LR

62 RETURN

END

SUBROUT INF WATER IlSHPP.LOUT.NDIII.PUINY.UNI'S'BRNOL'OINOV.OILIIQU
LS TURUXMUL ¢ DXMUY o TEMP o OPRES o XMWy GARNA Y

ULMENSTON Xmut ‘)olﬂUVllDl.ND(Zc?)vILAhn'!O)oﬂllul(l,lﬁlluvl!l
DIMCNSION XTEMs ¢ 30) 4 PRESSE IO g RHUVE IOy RHIR (303, SIGFATIO)

OIMENS JUN DIHCL(!anILlﬂlal-UltHP(ll'UPRES(llvDRHUL(Olnﬂlﬂovll,
CIMENSION OSI0LMIB).THICLLZ0)

INTEGER POINTUNITS’

16 FORMAT (*]1)

15 FURRAT (77°¢ NOTE INPUT TEMPERATURE RANGE HAS BEEN hDJUSl!D"

LIS ¥
INDaQ
NBRIT=0
GAMMA=] .33
AMya 18,0
»TCRIT+647.0
THELTR273,16
T60IL=373.16
PCHIT2218.167810212.009,0
DATA (MDi1ol0y1a1,7 1, HOEL, 21 /8HUATER ¢ 3HH20/
DATALRTENP(T), x-l.lz;/zvs.o.:oo.o.zzs.o.:su.o.315.o.~oo.o.azs.o.4s

. 10.0+475.0,500.00529.09550.0/

DAIAIPR&SS(l)-l'lulx)/7-0k02.3.5€03'I-!E'ﬁ.Q.ZEO#v1-050552.4505"-
VIE05¢8,5E4541.5F0692,6E0604.080648.0808/7

DATA C(RHOLUTI 4 Tw1g12)/000E#349.95642,% lSEOZ-Q.TEOZpQ-GEOIpQ.QEOI'
194 1560290, 9E+2¢840E¢2¢0.3E02¢8.0E¢2¢7.5E¢2/7

DATA [RHOVIL) o 1810220 /5,5E=392456-209a0E~20245E~1,4840E=1,10342.5¢4
L1obeBo0g1a3E4192.2E¢),).4E41/

OATACSIGHUAL Y o I=1012) 1 T05E~20TalE-29b0TE~296020E~245.8E~2,%9.3%E~02
1986.85E-294,3E-293.8E=202025k~2+2.7FE=292.2E~2/

DATAIXUAMDCT) o I=14220/2.5E¢6y2. SQEOS.Z.!7506.2.3!506:2-2#!0602 18¢

10602 1L 0692.01€469 19306, 1 o02E46,1.TE O 1L55E067

DATA (XMULUI},1=0,120/1. 65-3.!-3!*‘.5-25-4.)-15-4.?-"---Z-IE-Qol.
18E=49le5E=4alodE~bo1a2E=0yLoaUE—A9 D 0E~5/

DATA (XMUVEL)y32)4120/9.6E=6,12026=5,1.120=5,1.2F~ LTRIS I I TR P 0T 2
1500058E=5¢1oTAE~591.9t=3¢2.12F~542438E-592.72E~5/
DATALTHECLC I o I=19220/5.0E-0obalE~Lobobb~1,6,TE1 .balzl-l,t.lii’lo
16.8E~146,7E~ 1'6-565-1vb-!ﬁE'l-b-lZE‘loi-’bE A

NIND=1

IF (LSUPP.GY.1) GO TO 12

KEAD 15,30) POINT,UNITS

30 FORMAT (1013) .
12 IF (PUINT=1) 31.32,31
32 [F (NBRIT.EQ.L) GO YO o4

IF (LSUPPLGT.L) GU TU 64
READ (5ed4: TrmP

33} FURKAT (8F10.4)

A

*

T O N R TR R




gr N
4

64

L2

v

4

w

-
~

20

21

14
46

62-20"

45
99

59

60

IF (TEMP.LT.XTEMPIL)) GO TU 34
IF LTEMPL.GT.XTEMPIMM)] GO 1O 34
Gu Tu 11

READ {5¢33) TRIN,TNAX,DT

IF (NBRIT.NE.1) GO 1O 5
TMIN:(TMINS459,067)%5.0/9.0
TMAXz I TMAX#459.67195.0/9.0
OT=01#5.0/9.0

LF (THINSGT.XTEMP{NM}) GO TO 34
$F (TMAXLT.XTEMP(1Y) GO TO 34
IF (THMINGE.XTEMP{1)) GO TO 43
IND=1

TMIN=XTEMP(1}

I1F {TMAXLEXTENP(MME) GU TO 4%
IND=}

THAX=XTEMP{NY)

TEMP=THIN

CALL POUTLIHD XMW s TMELT»TAOELy TCRIT,PCRITHNBRIT,GAMMA,LSUPPY
IF {POINT.NE.1) GO TO 20

1F {TEMP.LTLXTENPIL)) GO 10 63
IF (TEMP.GT.XTERPINMI} GO TO 63
1F (POINT.EQ.1) GO TO 21

[F LTHINLGTLXTEMP{MNI) GO TO 10
IF “{THAX.LT.XTENP(1))} GO TO 10
1F 1IND.EQ.D) GO TO 14

NRITE (6416)

-WRITE (6,415}

§F {POINT-1) 45,46445

DT=0.0

THAX=TEMP

TEMP=TEMP~-DT

DO 57 K~1,8

TEXPuTENPSOT

If (K.NE.1) GO TO 88

IF {TEMP.GT.TMAX} GO TO 63

IF (TENP.GT.TMAX} GO TO 61

NK2K

DO 63 I=NIND,MM

LIF (XTERPCI)-TEMP) 88959460
1lal

QTEMP{K)=TENP
QPRESIK)=PRESS{11)
ORHOL (X }=RHOLI1E)
URHOV (X b= RHOVIIT)
OSIGMIKI=STIGHALLT)
OXLAM(KI=XLAMODLLTY
OXMUL{K)}=XMULLITT}
UXMUVIRIsXRUVETTY
UTHCLIK)=THECLIL]) .
1F (POINT.EQ.L) GO TQ &1

GO 10 57

IF [1.EQ.1) GU 7O 59

11=1

10=,~1

OTERPIK)=TEMP
OPRES(XI2ENXPEL{ALOGIPRESSETT I I-ALOGIPAESSIIOII ISTEMPHIXTEMPITT)OAL
10GIPRESSIIO) 1-XTEMPLIOI*ALOGIPRESSILII I} I/UIXTENPLTI}=-XTENPLIC)))
URHOL (K )=RHOL LTS ) ¢ (RHOLL I T )=RHOL (1O} ) #{ TEMP-XTEMPITIT)}/UXTEMPLTT)~

1]

LXTEMP(IUD)

ORHOVIK)=EXPC{CALOGE RHOVEIT)I=-ALOGL RHOVCIO)) )STENPH(XTERP(I1)eAL
106G RHOVIIOH)=-XTEMPLIOI®ALOGE RHUVIII I II/Z(XYEMP(LIL)-XTENP(INIDY
OTHCLUK )= THECLU I )4 (THECL (12 D=THECLLIQ) )S(TEMP-XTENPLIT}D/(XTERP(]
1I)-XTEMP{IO))

OSIGMIK)=SIGMACIT )+ (SIGMACTTI=-SIGHALTO})*(TEMP-XTEMP(LE))ZIXTEMP(L ~

11)=-XTEMP(10))

OXLAMIK) = XUARDCTU D¢ (XLAMDE L1 V=XLAMDL IO )L TEMP-XTEMP UL} /U XTENPLY
LI)-XTEMPI10)) .

DXMULCR) s XHUL (F1) S EXMULTTL)=XMULLIO) )Ot TEMP-XTEMPLTIL )/ IRTERP L)~
AIXTEME(IO))

UXMUVIK ) XMUVETT Do (XMUV( TT}=XMUY(S0) )@ (TEMP-XTEMPCIL) ) /AXTENP(IT)~
LXTEMPCLUN)

IF {POINT.EQ.L) GO TO 61

0 TO ST

CONT INUE

ST CONTINUE

6l

10

36

35

66
63

62

16
15

CALL POQUT2 (NK,OTEMP,OPRESORHOL yCRHOVOSIGH,OXLAM, DXMUL yOXHUV ,GAK
LMA XMU,NARIT,OTHCL» POINT+LSUPP}
IF (PDINT.EQ.1} GO YO 10

IF (TEMP.LE.TMAX) GO TO 99

IF INBRIT.NE.C} GO TO 62
NERIT=L

IF (UNITS.EQ.2) 60 TO 12

G0 TO &2

Al=XTEMPLL)

A2=2XTEMP (HK)

IF {POINF.EQ.1) GO TD S5
TEMP=0.(

60 TO 66

THIN-0.0

THAX=0.C

CALL POUT3 (AL 4A2oNBRITobin{ TS, POINT, TENP  THIN, THAX,LDUT)
IF {UNIT:.NE.2) GO TO 62

IF (NBRIV.NE.O) GO TO 62
NBRIT=1

IF {POINT.NE.1) GO 70 31

G0 TO 64 :
RETURN

END

SUBRUUTINE AMMON (LSUPP.LOUToNBREToPOINT,UNITS,0RHOL o ORKOY,OXLAN, 0
LSIGR OXMUL o OXRUV, TEMP JOPRES o XMWy GANMA Y

OIMENSTON XMUL(30) o XMUY(30) oHDI242) o XLARDL30) s UXMULEB) »OXHUV(S)
DIMENSIUN XTEMPL30Y+PRESSL3Q),RHUYEI0),RHOLLEI0T+STGNALL0)
OINMENSIUN OTHCL(8) pOXLAMIS) OVEMP{8) ¢OPRESIB)+ORHOL LA}, ORHOVLS)
DIMENSION OSICM{8),THECLL3D)

INTELLR POINT,UNITS
FURMAT {*10}

FURKAT (/779 NOTE
MMaZ4

11D=y

NBRET=2D

GAMPA=],31

XMM=LT.0

INPUT TEMPERATURE RANGE MAS BEEN ADJUSTED®)

e

s eI
LR i

S

o D

X

P a,




0g-22

TCRYTe4UH, 3

TMELT=195.0

TROIL2239,.7

PCRIT=111,391.01325%10.0005

DATA (HDULs1)y 121420 oHDUL92)/ THANMORTA, IHNH)YY

DATA (XTEMPUL)y[219241/200.0021040¢220404230.042400+250000¢263.04
1270e04280.04290.09 300,09 310,09 320409340405 35040,365.093T0,04 37540
2y 340.04 385209 390.04395.05400.04405.07

DATA (PRESST1)o1ale240/0.99E43,1.02E04,3.40E06,06.16E04,1.2F%5,
LlebTESY92.506L¢5,3.84E45)5.56E 499 1o BBL¥541e0506601.41F4601-841 46,
23400t t600 T5F 0025t ¢6,5.86E0020.50E0001.0TEr6,T7.80E¢6,8.069r¢b,y
39,390 469 1.00b#7,1.02E47/

DATA (AHOLIT )y 3210280/ To30E020T016E02,7405C42,6.93E42,6.815¢2,06.6%
LEr200.56E4206,43E02,6030E429La15E¢296.01E6295.85E42,5.69E42,5.32¢4

. 4204aBIER2 0 TTE#296.05E42,6.50E82,4.35642,4.1TE42,3.98E42,35.T9E%2,

33.4054202.8T7E42/7

OATA (HHOY(L) 11 p24)/8.90E~2,1.60E-1,3.20E~1,5.608-1,9.006-1,1.42
1E4092, 10E409 3.05E+044.32E4090.08E40¢8.30€40,1.11E¢1,1.4BE81,2.43L¢
2109 J0E41 3R 60E4)15.20E41¢5.80E41,6.60E41,7.40E41,8.80E41,1,023E42,
31e30E*242.30E¢2/

OATA (SIGRACT I, Imsy24)/4.38E-2,4002E-2¢3.80E-203462F-2,3.306E=-243.1
12E-2024808E-242.636-252042E~202.20E~201.90E=2,175E-241.54E~241,12¢E
2=297.49E=370.50E~3,5.68E-3,4.80E6~3)3.98E-3,3.13E-3,2,28€-3,1.50E~3
3,0.70E~3,0.00E40/ .

OATA {XLAMOZilypInl 281/ 1.48E40,1.45E46,1.43E4691,40E06,1.37E4641.3
L4E469 103 409 1.2TE+GoLo24E46,2.20E46,1.16E4641a12E46,1.0TE4649.60E
2458 26E45, TuBOE4S59 TaITES5,6090€05,6.34E45,5.80E4545.13€%,45.230¢+8
393a1E¢591.30E¢5/

DATA {XMULLL) (1214243 /4,326-403.60E~453.15E~4,2.886-442.686-4,2.56
LE=892.50E-492.02E~492e34F=4)2.24E=892.146-492,020~4,1.9CF~4,1,62F~
285 L 34E~4,3 1o 29E-A, Lo 16E~49 L QUE~R3TBBE=S4BaToE=54Ta50E~99642%L-9,
34.88E-5,3.00E~-5/

OATA (XMUVALY oI5l 924) /0o TBF~beTel9E~beTa92€ 02T 94E-648.25L-0848.T0
JE=69941BE-699u5%E=691200E=591a05E~592a10E=-5s1015E~541.20E~5,1432E~
259 La%6E=521aS0E~501aS5E-59 1aSFE~Delab5E~S9 a7 F=541aT78E-540.88E-5,
32.00E-542.30E~5/

DATA (THECLUS)eln1e24) /5.3 E=294540E-0¢5245C-105.4BE-10¢5.48E~145.4
1TE~105.45E- 10540619 5e35E=1¢%225E~195a12E~194.9TE~1,4.BI1E-104.4abL
271280761430 9BE=193e09E-19379E~143T0E~1¢3.61E-193.51E~1,3.32E1
393.23E-193.14E~1/

NIND=} .

1F (LSUPP.GT.1} GO 710 12

READ {5,300 POINT,UNITS

30 FORMAT (1013)
12 1F (POINT-1} 3132431
32 IF {NBRIT.EQ.1) GO TO 64

IF (LSUPP.GT.1) GO TD 64
READ $5,33) TEMP

33 FORNAT (8F10.4)
64 [F (VTEMP.LTJXTEMP{1)} GD TO 34

IF {TEMP.GT.XTEMP(MM}Y GO TO 34
60 7O 11

31 READ {5,33) TMIN, THAX,DT

IF (NBRIT.NE.1} GO TO S
THIN={THIN+459,.67125.0/9.0
TMAX= (THAX$459,6T7)05,.0/9.0
DTaDT785.0/9.0

5 IF (TRINJGT.XTEMP(MMIE GO TO )4

LR}

I
1n

20

21

4

46

45
99

e

59

60

IF (IMAXLTXItMPLL)Y CD TH 3A

1F (IMINJGF.XTEMPLLY) GU Ty 43

IND=1

TMINCXTEPPLL)

IF LIMAZLLE.XTEHPIMM)) GU 1O 44

IND=1

THAX=XTEMP (MM)

TEMP=TMIN

LaLt PUUTIEHD o XHM s TMELT o TBOIL y TCRIT,PCREToNBRI T oCANKALSUPP)Y
IF (PLINT.NE.1) Gu TO 20 .

IF (TEMPL.LTLXTEMPILYY GD TO 63

EF (TLMP.GY.XTLMP{MM)) GU TO 63

1F (PDINT.EQ.1) GO 7O 21

1F (THINJGT.XTEMP(MME) GO TO 10

1F (THAX.LT.XTEMPLL)) GO TQ S0

IF (INDJEC.O) GO TU Llé

WRITE (6s16)

WRITE (Gel9)

1F {POINT=LY 45546445

0T=0.0

IKAX2TENP

TEMP2TEMP~DT

n0 5T KRsl,8

TEMP=TENP+OT

IF (K.NE.1) GO TO 68

1F (TEMP.GT.TMAX) GO F¥O 63

IF (TEMP.GT.TMAK) GO YO 6}

nKeK

00 68 [aNIND,mN

IF (XTEMPLL}=TEMP) 68,559,060

1=t

OTEMP{K)=TERP

UPRESIRI=PRESS(LLY

URHOL {X)=RHOLLIT)

URHAV (K} =RHOV(L L)

OSIGMIK)=SIGMAITT)

OXLAMIX}=XLANDILY)

uxXMuL{K)=XHULELT)

UXMUVIKY=XMUYLTTY

UTACLUIK)*THECL (1)

IF {POINT.EQ.L} GO TO 61

G0 TU S?

1F (1.EQ.1) GO TO 59

[I=1

10=1-1

UTERPIR)=TEMP
OPRES(XK)=EXP{CLALOGLPRESSCIT I I=ALOGEPRESSCIC)) JOTENP« (XTEMP(L])oAL
LOGIPRESS(I0) }~-XTEMPLIC) *ALOGLPRESS(II) )/ (XTERPILIT)I=XTENP(I0)})
ORHOL (K )=RHOLI TT e {RHOL! I 1)--RHOL L IO} )OS ( TEMP~-XTERPLIL) )/ IXTEAPLIL S~
IXTEMPLIOY)

CRHOVIK)=EXP{LLALCGE RHOVEEIDI=ALOGI RHOVIIO) ) ¥STERP(XTENPLIE JoAl
106¢ RHOV(IJ))~XTEMPL1I0)®ALOGL RHOVUII}) DI IZEXTENPIII)-RTENPLILIQ)Y])
UTHCLAK)I=THECLC LT )oCTRECLUTT)-THECLUIO) )* U TEMP-XTEMP 1T )/ IXTENRPLT
11)=XTEeMPLIO))

USIGHMIK)=SIGMAT )4 (STIGMA(TLI-STIGRALIU) J&{ TENP-XTENPLIL})ZIXTENP(L
LI)-XIENPLTION)

UKLABIK) s XLAMDEET) ¢ (XLAMOC I D-XLAMDEI0) J#LTEMP-XTENPLILI)/IXTENPLL
1D=-XTtHPLIU))

it S o £ 2

bz




1£-¢2

68
57
6l

10

34

5

66
63

62

16
15

UXMUL X} XMUL LTI 4 EXMULCED)=XMUL CIO) bO(TEMP-XTEMPLLT) )/ (XTemPETT) -
IXTEMPLE0))

CXMUVIK ) XMUVERT )+ EXMUVLEL )= xnuv(l0))'lltHP-xlFHP(lll)l(xl[NPlIll-
LXTEMP{I0))

IF (PUINT.EQeD) GO T 61

G0 T0 51

CONT INUE

CONTINUE

CALL POUT2 (NKyOTEMP,OPRES s ORHOL yURHOV0S1GMOXLAMUXMUL sUXM
UV GAMMA XMWy NBRI Ty OTHCL o POINT (L SUPP)

IF {PCINT.EQ.1) GO 10 10

IF (TEMP.LE.TMAX) GO TO 99

IF (NBRIT.NE.O) GO T0 62

NBRET=1

1F (UNITS.EQ.2) GO 7O 12

GO 10 62

ALsXTEMPLL)

AZsXTEMP(MMH)

IF (PCINT.EQ.1) GO TO 5%

TEMP=0.0

G0 Tu 66

THIN=0.0

THAX=0.0

CALL POUT3 (AI.AZ.NBIIT.UNlTS.PDINY.lElP.THlN.tHAx.LUUT’
IF (UNITS.NE.2) GO TO 62

IF (NBRIT.NE.0) GO TO 62

NBRITw1

IF (POINT.NEJ1} GO TO 31

60 Tu 64

RETURN

END

SUBROUTINE METHA (LSUPP,LOUTNBRIT.7OINToUNITS ¢ ORHOL y QRHOVOXLAN, O
1STGMOXMUL s OXMUY o TEMP 4 OPRES XMW o GAMMA)

OIMENSION XMUL (30)¢XMUVE30),HD{242) ¢ XLAMDE30) yOXMUL 8}, 0XMUVIS)
DIMENSION XTEMP(30),PRESS(30),RHOVI30),RHOL{30),51GMA{30)
DIMENSION OTHCL(B8),0XLAMIB) 4OVEMPI8) ,OPRES(8),0RHOLLB),0RHOVIA)

DIMENSION OSIGRI8) 4 THECLI30)

INTEGER POINT,UNITS

FORMAT (*1%) .

FURMAT (779 NOTE

MK=21

IND=O

NBRIT=0
GAMMA=1,25

XMwe32.04

FCRITs513.1

TMELT>175.3

TROIL=337.8

PLRIT=1156,9%6.895¢10.0%3

DATA [HO(T41)e1m192)oHD{1,42)/BHME THANUL » SHCH3I0H/

UATA CXTEMPEL) ¢121,213/250.09260.0+270.09280409290404300.0¢320.0,
1340,04360.09380.09400,09420e09440.00450.00460.09470.09480.04485.0y
2490.0+495.0,500.0/

OATA (PRESSEINol=1,200/T.70E4291.5TE#3,2.92E¢3,5.15E43,0.71E43,1.4
LTEShoho25F 0,1 03E4592.23E4504056F45,T.98F45,1,24F4642,0204642,51F

INPUT TEMPERATURE RANGE HAS BEEN ADJUSTED®)

30

32

33
64

31

3

48
11

20

21

2063, UME0L 3 TTECL Ao S6E4695.01E4605.47E486,5.98L0646.53E¢6/
UATALRHUL G D) 9300 21)/8.33E42,8a25042,8.18E602,8,10£42,8.0264247.94
1020 TaT5E 24T a54E 42570300429 T 00E424CaTIE®206.50E4296.1TE#246.00t¢

229904 E9295 5T 02953204209 1TE#245.U0T 4294 80E*294.56E42/
CATALtHOV T o 1=190210/1024E~292010E=253090E=24T74 0E=241.26E=102.80

le=195.00F-141.4264092.80t2005410€+008.80E4001a43E*192.70E#]1,2.98¢E0

2leBaltlel b 65E0195.02E4]106.60E41,7.58E40,0.90E01,1.07E42/7

OATA {SIGMALT) 9 im1921)0/2470k=292460E-29264508~292439E=292429E~242.1
L1YE=2910a98E=29 12 T18E=2¢105TE~29103TE~291al6E~2094605~397.50E=3¢6450F
2-335450E-394.50E~393.40E=392.90E~392.40E~351.90E~391.40E~3/

DATA (XLAMD(I)ypfelg21)/1.20E46,1o20E0641420E4690.19€¢Le1.18E46,41.1
L7046 1a16F4691,10646,1.06E46,1.00E4699.35E45,8.62E45,7.80E45,7.32E
245000 85E459502¢E4590a00E4595e1TE®S5,4.T6E0594.208E45,3.068E¢57.

DATA (XHULtI) 912)9213/10196=3990F0E~498.40E~49Tol5E=446,10E~4,5.20
LE=4,4,10E-993.40E-4,2.52E~492.06E~4¢1.68E-4y1.3TE-49).11E-4,]1,01E~
€h49.00E=53T2F0F=546.85E~506.45E=5¢6200E=5¢5e60E~543.05E=5/

DATA (XPUYI{T)olmle21)/Be09E=0y8o40E=bsBaT E~609403E~0993TF~899.69
LE=8y1a03E=5¢1.10E=-551a16E=59ia23E-591229E=551a36E=501o43E=5¢lo4TE~
259 LeBlE=5310556=550059E-5¢162E~5y1abbE=-591e67E-3y1.69E-5/

DATA (THECLUI)¢Im1421)/2.0T€6-192.06E=002.05E~-142405E-152.04E~1,2.0
13E-192.02E=1942+00E~191e99E-191a9BE~L91o96E-100a95E~191.93E~141.93E
2-191092E-151.91E-141290E-291.90E~191.90E-141.8%E~1,1.89E-1/

NIND=1

tF {LSUPP.GI.1) 6O 1O 12

READ (5,270 PUINT,UNITS

FORMAT 11013)

IF (PGINT-1) 31,32,31

iF (NBRIT.EQ.L) GO TO 64

1F (LSUPP.GT.1} GO TU 64

READ (5,33} TEMP

FORMAT (8F10.4) |

IF (TEMP.LT.XTEMP{L1}) GO TO 34

IF (TERP.GT.XTENP{MK))} GO TO 34

60 Q2 11

LEAD (5,33) TMINsTHAX,DT

1F (NBRIT.NE.1) GO TO S

THIN={THIN4459.67)195.0/9.0

THAX={ TMAX+459.867)185.0/9.0

DT=07%5.0/9.0

IF (THIN.GT.XTLH2(NK}) GO TO 34

IF (THAX.LT.XTEMP{1)) GO TO 24

JF (TMINGGE.XTEMP{L1)) GO TO 43

IND=1

TRIN>XTEMPLL)

IF (THAXJLEXTEMPINM)) GO TO &4

INO=1

TMAX=XTEMP (MK}

TEMP=THIN
CALL POUIlIHD-XHHcTNELTpTlOlLrTCIIT'PCIIT-NIIlTvGAIIl.LSUPP)

IF (PUINT.NE.1) GO TO 20

IF (TtMP.LT.XTEMPIL)} GO TO 43

IF (TEMP.GT.XTEMP(MM}) GO TO &3

IF (POINT.EQ.1) GO TO 21

IF {TRIN.UGT.XTEMPIKM)) GO YO 10

IF {TMAX.LT,XTEMP(L)) GO TO 10

1F {IND.EC.O) 1O TO 14

WitlTL (6¢161)

WRITe (6515)
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ce-Sv

14
46

45
9

59

IF LPOINT=1) 45,46,45

vT20.0

TMAX = TEMP

TEMP2TEAP=DT

UG 57 Xel,8

TEMP=1EMP4DT

1F (K.NE.1} GO TO 88

IF (TEMP.GYaTMAK) GU TO 63

IF (TEMP.GT.TMAX) GO TO 61

NK=K

DO 63 I=NIND, MM

IF (XTEMPIL}-TEMP) 68,59,60

=1

OTEMPIK)=TENP

UPRES{K)=PRESS{11}

ORHOL (K }=RHOL LT 1)

ORHOV (K)=RHO¥( 11}

USIGH(K)nSIGMALT])

UXLAM(K)=XLAMD( L 1)

SXMUL{KD=XNULLLT)

OXKUVIK)=XMUVIIT)

OTHCL(K)=THECH L11)

1F (P0INT.EQ.1} GO TO 61

60 10 $7

IF 1.EQ.1) GO TO 59

1i=1

16=1-1

OTEMP(K)=TERP
GPRES(KIsEXPL(CALOGIPRESSEEII)I-ALOGIPRESSIIO)) IO TEMP+ (XTEMP{]1)®AL
TUGEPRESS{10))-XTEMPL IO ®a* CGIPRESS( 1) 1)) /(XTEMP{LT)~XTENPLIO)))
URHOL (K }=RHOL (11) #(RHOLUS 1= 0L (10D )@ (TEMP=XTEMP( TS}/ (XTENPLE] )~
AXTEMPLIO))

ORHOY (K }=EXP{{ {ALOGT RHOV(IT)I=ALOGE RHUV(IOI) IRTEMPe(XTEMPLTI)SAL
106 RHOVLIOD) )-XTEMP(I0)SALOGE RHOVIIT)})}/{XTENPLITI-XTEMPLL0}))

© OTHCLOK)aTHECLUTT)S(THECLAE)-THECLLLID))S(TEMP=-XTEMPLLL)) /{XTEMPIY

68
57
6}

10

34

L1)-XTERP(10))

OSIGM{K)=SIGMALTI }4{SIGHMALTIT)I~SIGMACID) )SITEMP-XTEMPLIL))/IXTENPL]
LI}=-XTERPILIO))

OXLAMIK ) =XLAMDL I I )¢ TXLAMDC I )~KLAMOLIO) )* ( TEMP-XTERP(TT} I/ (XTENP(]
LI)-XTEMP{IU}}

OXMULIX )= XRULED D) ¢ {XMULCTTI=-XMULEIO0) )= ( TEMP-XTEMP(LIT )} /(XTEMPLITI] ~
1XTEMPL10) )

OXRUVIK)}=XMUVEIZ Do (XMUIVIET)=XMUV{IO) )@ (TEMP-XTEMPLET )}/ {XTEAP{11 )~
IXTENPCLIO))

1F (POINT.EQ.1) GD TO &1

60 10 57

CONTINUE

CUNTINUE

CALL POUT2 (NKoOTEMP,OPRES,ORHOL y ORHOV,0S1GM,0XLAM ,OXMUL 4 UXMUVY 4 GAM
1MA o XMW, NBRIT¢OTHCL » POINT, L SUPP)

IF {POINT.EQ.1)} GO TO 10

IF (TEMP.LE.TMAX) GO TO 99

IF (NBRIT.NE.O} GO TO 62

NBR1T=]

IF (UNITS.EQ.2) GU TO 12

60 TU 62

Al=XTEMP(1)

A2=XTEMP{HM)

IF (PLINTLEC.L) Gu TO 5%
THEMP=0.0
wl Ty 66

55 TMIN=0.0

THAX20,0

66 C/LL POUTI (ALyA2oNBRITyUNITSPOINT o TEMP, THING TRAX,LAGUT)
63 IF (UNITS.NE.2) GO TO 62 )

IF {NRRIT.NE.O) GU TO 62

BRIT=1 . - v
1F (PUINT.NE.L1) GC TO 31

WO TU 64

62 RFTURN

15 FORMAT (/70 NOTE

16

END

SUBRUUTINE ACETO {LSUPP,LOUT¢NBRIT,POINToUNITSyORHOL s ORHOV yOXLAN, O
L1SIGM,OXMUL ¢ OXMUV, TEMP o OPRES o XMW o GAMMA).

DIMENSTION XMUL (30, XMUV{30),KDE2,2),XLAMDE30),OXMULLB) ,OXRUVES)
DIMENSION XTERP({30)¢PRESS(30)oRHOVI30)4RHOLE30},SIGMAL30Y
UIMENSION OTHCL{B),OXLAM(8),0TEMP(8},0PRES{8),ORHOL LA}, DRHOV(S)
DIMENSION DSTGMUB) 4 THECLL30)

INTEGER POINT,UNITS -

INPUT TEMPERATURE RANGE HAS BEEN ADJUSTED?)

FURMAT (Tr17) '

MM=13

IND=0

NBR[T=0

GAMMA=1,.1

XMH=58,0

TCRIT=509.5

THELT=178.5

S1BUIL=329.7

PIRIT=6T7.2%1.01325010,00e5 .

DATA (HO(Toldolnle2)eHD(142)/ THACETONE » SHCIHGD

DATA (XTEMPU1)eln19131/325.0¢335.00345,09355.09365.0,37%5.0,385.0,
1395.05405.00415.04425.00435,0044%.0/

DATA [PRESS(I)oIx1913)/8.53E460 1020454 1e61E4542,36645,2,92E4953.7
LOE#S 34 BAE#508.12E¢59Tahb6E4599.33E¢5:1o13E0601.38E4641,45E06/

OATA (RHOLUID o Jmbel13)/ ToS5SE+29TablEa2,To29E420T.1TE4297,02E22,649
LOE4246.T5E+2¢6.02E42¢0.4BE¢2908432E42,6.18E42,6,00E¢245.82E¢27

DATA (RHOVUII}y1a1,13)7 1a89E4092.56E4093e36E4094.3TE40:5.62E¢0,7.0
18F00¢8,97E+001o09E4101ad5E0101080E+lela92E4142.24E4142.60E¢17

DATA {SIGMALT)p i1y 131/2aB895-2, 0T TE-292ab4E-2,0052E-241.80E-24142
18E-2¢1e16E~201003E-299e10E=)yTeB80E=346.60E~3,5.40E~344,10E~3/

DATA (XLAMDUI) o I2Le3 )/ 5t lE4595.C0E45,4.86E45,4,69E¢5,4,60E45,4,4
L6E+5 34, 3TE+594.23E45,4014E45.3,95E05,3.03E05,3.72E45y3,60E¢5/

DATA (XMULE1)o 181913}/ 2.50E=992023E~492.09E~491.94E~4,1,80E~44)aT
10E~4,1.62E~4¢1a52E~4y1.47E~491o40E~4y1a34E~4y)1,29E~4yla24E~4/

OATA (XMUVII) o 12191307 8.20E=0648.50E=b38oT0E=6,08.90E~5699.10E=5,9.6
10E~699260E-619.TOE=619a90E=641o00E=541.02E~531.04E-5¢1,086E~5/

DATA (THECLUT)oIx1913)/ 0 ablE~Dpla5TE~LglaS4E=1¢ ed9E=140,45E=1,1.4
12E~191o37k=191033E~192020E~19Lla256=00e21E-1ylalbE-2y2.12E-1/
NIND=1,

(F (LSUPP.GT.1} GO TO 12

READ (5,30} POINT,UNITS

30 FORMAT (1013)
L2 IF {PUINT=1) 31,32,31

i
3

3

S il e




32

33
b4

i

A3

49
1

20

21

€2-¢9

14
46

45
99

59

60

IF (NBRITLEU.1) 1) TD 64

“IF (LSUPP.GT.1) GU TU 64

READ {5,330 TEmp

FORMAT (8F10.4)

IF {TEMP.LT.XTEMP{L1)) GO TC 34
(F (TEMPLGT.XTEMPIMME) GO TU 34
U TO 11

READ (5433) THIN,TMAX,DT

1F (NBRIT.NE.1} GO TO 5
THIR=(THIR+459.6T71#5.0/9.0
THAX=(THAX+455.67195.0/9.0
DT=DT7#5.0/9.0

IF (TMINGT.XTEMPINM)) GO TO 34
IF (UMAXJLTJXTEMP{1}) GO TO 34
IF {THINJGE.XTEMPLL)) GO TO 43
INO=}

THIN=XTEMPLL)

1F ITRAXLLELXTEMPINM) ) GO TO 44
IND=1

THAX=XTEMP {HM)

TEMP=THIN

CALL POUTI{HOyXMRoTHELToTBOLLs TCRIT4PLRITINBRIToGAMMA,LSUPP)

IF {PUINT.NE.1) GO 10 20

IF (TEMP.LT.XTEMPIL1)) GO YO 63
IF (TEMP.GT.XTEMPIMM)) GO TO &3
{F (POINT.EQ.1) GO TO 21

IF (TMINSGT.XFEMPI{MN}} GO TO 10
IF [THAX.LYXTENPIL)} GO TO 10
1* (IND.EG.O) GO TO 14

WRITE (6416}

WRITE (6415)

IF (POINT~1) 45546445

D1=0.0

THAX=TENP

TENMP=TEMP~DT

DO 57 K=l,8

TEMP=TEMNP+DT

IF {K.ME.1) GO TO 88

IF {TEMP.GT.TMAX} GO YO 63

IF (YENP.GTLTHAX)Y GO TO 61
NK=K

DO &8 1wNIHD,MM

1F (XTEMP{1)-TEMP) 68,59,80
I1=i

QFENPLIL}=TENP
OPRES(K)®PRESSIIT)
URHOL (K )=RHOLCIT)
URHOVIK)=RHOVLTL)
USIGMIKYaSIGHALIL)
OXLAMIKD=XLARDLLL)
UXMULIK)=XHULILT)
UXMUVIK)=XMUVIETY)
UTHCLIX b =THECLLED)

IF (POINT.EQ.L) GO TD 61

cu Tu 57

IF ti.EQe1) GO TO 59

=1

10:1-1

B P

UTEMPIK) s TEMP
UPRES(K)=FXPCCLALUGIPRESSILIMI=ALOGIPRESSITIO))ICTENP (XTERPIT])®AL
RUCLPRESS{IO))-XTEMPLTOISALOGIPRESSCLINIIN/ZIXTEMPLIT)<XTERPLIO}Y)
URHOL tR)=FXPECLALOGE KHOL(IE))=ALOGE RHUL{10)) IOTEMP(XTEMP (1] }oAL
UGt RHOLGIO) ) =XTLMP{JUISALUGE RHULCLL)I)DIZEXTEMPCLIS )=XTEXPLIO)) )
DRHOVIRI=EXPLEAALOGE RHUVELED)=ALDG RHOVETOIIISTEMPS{XTEFPLITITIVAL
1061 REOVIIONI~XTEMP{IU)SALOGE RHOVIIL)IND)Z(XTENPLLILI-XTEMPILICOD))
OTHCLAR ) THECLU R )+ {THECLLI1)-THECLL L) YO TEMP-XTEMPLIL) I/ IXTENPLL
I)=XTEMP{]O))
OSEGMIK)I=STIGMAL NI )+{SIGMALLIE)-SIGMALIU) Jo({TEMP=XTEMPLIL})/ (XTEMPLI
L1V=XTEMPLTIO))
UXLAMIKY=XLAMDL I P4 ¢XLAMC T )=XLAMDE EO) )L TEMP-XTEMPILI} I/ IXTENP(L
11)=XTENPLIOY)
UXMUL XY= XMUL L LT ) #{XNULETT)=XKUL (0D ) *{ TEMP~XTENPCITY )/ (XTENPLIT )~
1XTEMPLIO) )
OXKUVIK)=XMUV(TX D¢ XMUVEEL E=XMUVLTIO) J@{ TEMP-XTENPLI I )/ (XTENP (L1 )~
LXTEMP(IO))
1f (PUINT.EQ.1) GO 10 61
G0 T0 57
68 CONTINUE
57T CUNTINUE
61 CALL POUT2 (NKyOTEMPoOPRES)ORHOL ¢ORHOV40S 1GMsOXLAMyOXMUL  OXMUY o GAN
1MA o XMWy NBRIToOTHCL 4+ PDINT 4 LSUPP)
1F {POINT.EQ.1) GO TO 10 -
IF {TEMP.LE.TMAX) GO TO 99
10 IF INBRIT.NE.O) GO TO 62
NBRIT=1
IF (UNITS.EQ.2) GO TO 12
G0 TO &2
34 Al=XTEMPI1)
A2aXTEMP UMM}
1F IPOINT.EQ.1) GO VO 55
TEMP=0.0
GO Tu 66
55 TMIN=0.0
TMAX=0.0
66 CALL POUT3 (ALoA24NBRITUNITSoPOINTy TEMP,THIN, TRAX,LOUT)
63 IF {UNITS.NEL2) 60 YO 62
1F INBRIT.NE.O) GO TO 62
NBRIT=1
IF (POINT.NE.1} GO TO 31
GO TO 64
62 RETURN
ENO

SURROQUTINE FRE21 (LSUPPoLOUT,NARIT.POINT,UNLTS,ORHOL ¢ ORHOV,0XLAR,0
ESTGM o UXMUL g UXRUV o TEMP o OPRES ¢ XMWy GAMMA ) ’
OIMENSION XMUL (30}, XMUVIIG)oHD(2¢2) o XLAMDEIO) »OIXMUL (81, 0XHUVIE)
DIMENSION XTEMP(20)oPRESSI30N,RHOVIIO) JRHOL{30),SIGHALZD)
OLMENSION OQTHCL{B)OXLAM(B],CTENPLB) 4OPRES(8)¢ORHOL{B) o DRHOV(B)
DEMENSION USIGM(B),THECLL30)
INTEGER POUNT,UNLTS

16 FURMAT {*1%)

15 FURMAT (/79 NOTE INPUT TEMPERATURE RANGE HAS 8EEN ADJUSTED®)
(LI

y

v x
e
*

R D PR S P

| DA

s s




2l

3
3

3
[

3

INUay
NBRIT=0
Ganma=l, 175
KwWn]02.93
ICRIT=451.7
TRELI=134.2
1801L=282.12
PCRIT2T50.06,895010.%9)
QATA (HDCE gL )olaty2) oDl s 2)/HHFRELN=2 ) 6HCHIL 2F/
DAIA EXTEMPED) o fatol®d/23%.00280,00245.002500092%%.00760.0926%.042
170e04275.092802092904C0300.0730U04Uy 320,07
DATA (PRESSTINolalolO )/ lellbod, 1ob09Eeal 3L 04,2.45E0443.106F¢4,4.0
13C44,5.12E%400.28E04, T.80E08,9,62E4491.00E45,1.76E¢5,2.68E45,3,65¢t
295/
OATA (RHOLUI) o Jalo18)/1.50E4301.40E4 3148603, 1,467¢643,1,40F03,1,45
LE*3ola®aE9301a03E03,1.42E4351.40E+3)0039E0301ad0b4301.33E43,1431E¢
23/
DATA [RHOVIS) ¢ 121,16)/5.7060,7,50E=1,9.406~1,1.21€0051.5%E+0,1.93
1E¢0¢2.42E4002.90E40,3.60E4004.22E40,5,88L40,8.10E¢0,1.14E¢1,1.508¢
2y . :
DATA {(SIGRATI)1m1eld)/2.75E-2,2.6TE-242.58E-2)2.51E-202.42k-2+2.3
L15E~2¢2a20E~2924208-22.14F-2,2.07E-2,1.92E~241.78t-2,1.64E~2,1.48¢
27
DATA (XLAMDEI Yo lr19140/2.65E05,2.63E05,2,61845,2.58E05,2.506E45,2.5
LAE45 4251645, 2.49E45,2.46E-592.44E45,2.38E45,2.33E0%5,2,27E45,2.20F
245/ .
DATA (XMULIT) o1l g 1A076.00E=45,659E-4,5.34E~85,06E~4+4.80E~544.50
L1E=894,33E=434.15E-4,3.96E~4,3,80E~4,3.52E-5,3.26E-4,3.05E~4,2.85E~
24/
DATA (XMUVII) s lels18)/0.40E~6,8.65E~698.95E-0649.20F-649.50E-6,9.72
1E~69pl s O0E~591.02E-5,2.095~5 1 OTE~Selaill=59Llal5E~5o2.29E-591.23E~
254 .
DATA (THECH * 139 0al,14)/1,40F~1,104386~1,1.358-1,1433E~1,1.20E-1,1.2
1BE-39p1e25E=Lv2a23E~1y1020E~)glaiPE=19pLlaldE=1y1.006~1s1.03E~1,9.80F
-2/
NINO=1
1F (LSUPP.GT.1} GO TO 12
READ 15,300 POINT,UNITS
0 FORMAY (1013}
2 1F (PCGINT-1) 31:32,31
2 1+ (NBRIT.EQ,1) GO TO 64

1F (LSUPP.GT.1) GO TO &4

READ (5,32) TEMP
3 FORMAY (BF10.4)
& IF (TEMP.LTJXYEMP(1)) GO TO 34
IF (TEMPL.GT.XTEMPI{NM)) GO YO 34
GO 10 11
READ 15,33) THIN, TMAX,DT
1F (NBRIT.KE.L) GO TN 5
TRIN=(THIH+459.6T7185.079.0
THAX=(THAX*459,6T7)¢5.0/9.0
0V=071¢5.0/9.0
IF CYMINJGT.XTEMPIRMIY GO TC 34
1F (TMAX.LTLXTEMPUL)E GO TO 3s

EF (TRINJGELXTEAR{L)) GO YO &)

INDs1
THIN=XTENPLLY

w»

43 [F (TRAX.LELXTEMPIMM)) GC T 44

I
11
20
21

16

&b

45
9

59

60

[LTIEDY

TMAX=XTEMP (MMY

FEMP=IMIN

CALL PUUTLIHN XPw o TRELT 4 TROIL o FCRIToPOURIToNBK]IT o GAMMA,LSUPP)
I+ {PUINRT.NELL) GU TO 20

1F (TEMPLLTLXTERMPIL)) GO TO 63
§F (TEMP.GT XIEMPINM)) GU 10 63
1F (PUINT.EQLL) LU TU 21

I+ ETRINGLT.XTEMPIKN]) GO TO 10
IE LTMAXLLCLATEMPLLY) GU TO 10
1F LINDGEC.O) GO TU 14

WilTE [Esl5)

wh1Tt (hyln)

IF (PUINT=L) 45,640,045

Di=0.0

THAX=TFKP

TEMP=TEMP-DT

BU 57 K=1,8

TEMPaTEMPeDT

1F {KNEJ1) GO TO 88

1F (TEMP.GT.TMAX) GO 1O 63

1F (TEMP.GT.TMAX) GU TO &1

NKzK

00 686 [aNIND, MM .
IF (XTERP(T;~TEMK] 68459,60

11}

OTEMP(K)=THNP
UPRESIK)=PRESSUEI)

URKOL LK ) =RHOL(T1)

ORHOV LX) TRHOV LK)

GSIGMIK)=SIGMATELY

UXLAMIK)=XLARDITI)

OXMUL (KD =XMULLLI)

BXMUY (K} =XMUV(1T)

UTHCLIRYsTHECLITLY -

1F (POINT.EQ.1) GO TO 61

60 Tu 57

If (1.EQ.1) GU TO 59

111

10=1-1

OTEMP{K)aTEMP
UPRESIKIREXP({{ALOGIPRESSLIT))=ALOGEPRESSCIO1H ICTENPS (XTERP LI L)AL
LUG{PRESS{IO) )~XTEMP{ IO} SALOGIPRESSITINI ) I/ (XTEMP(IT)~XTEAPLID))
URHOL (X)<RHOLTI1)4(RHOLUIT)=RHOLLIO) )& ( {EMP-XSERPLLTY ) ZIXTERPIIN)~
LXTERPLIO) )

ORHOVIK)=EXP({{ALOG! RHOVII1)}-ALOGI RHOV{IO0)) ISTFRA4(XTERPLI]IOAL
1GG( RHOV(10) M -XTEMPUIO)®ALOGL RHOVETIN) 1)/CXTERP(IT)=XTENPLID})
OTHCL(K)=THECL {11} e { THECLEIT}-THECL{10) )9 ( TEMNP=XTCAPCLT) ) /7 (XTENPLI
LLI=XTEMPL(O})
OSIGMIK)=STGMA(CTI)¢ (S IGMAL{TI}=SCGMATID) S L TEMP-XTENPELL) )/ IXTENPLT
L) =-XTERP(IN})
OXLAMIK)aXLAMCLTE) o UXLAMDY JT1=XLAMOL30) 10 ¢ TEMP=XTENR{I 1] /(XTENPL]
LI)-XTEMPLTON) )

OXMUL (K) = XRUL (11D ¢ {XMULTTT)=XMUL{I0) JOCTEMP-XTERP(IT) )/ (XTERP(IT)~
LATEMPLIO}) :
OXRUVIRITXMUYCLTD 4 (XMUVETTI=XNUVLI0) Do (TEMP-XTEMPIEINY/(XTENPCLT)~
LRTEMPLIO), :

1F (PCINTLEQ.1) GO 'O 61

S



. 6¢-29

(1)
57

10

34

55

(1)
63

62

16
15

30
12
32

»
64

1 on e DTS M | Fe Pk L e

G0 0 57
CONTINVE
CUNTINUE

(61 CALL POUT2 INKyQTEMP,OPRES)URHOL ¢URHOVeOSIGMoNXLAM, OXMUL ¢! IXKMUY ¢ LAM

LMA, XM NHRIT4OTHCL«PUINT,,LSUPP)
1F {POINT.EQ.1) GU TO 10
IF {TEMP.LE.TMAX) GO tO 99
IF {NBRIT.NE.O) 50 TO 62
NBRIT=]

IF (UNITS.EQ.2) GO TO 12
GO Tu 82

AlsXTEMPI1).
A2=XTEMP(MM)

IF (POINJ.EQ.1) GO TO 35
TEMP=0.0

GU T0 &6

THIN=0.0

IHAX=Q,0

CALL POUTS (ll.AZ.NBRlT.UNITS'PDINT.TENP.Y!XN.IHAX LouT)
1F (UNITS5.NE.2) GO TO 62
IF {NBRIT.NELO} GD YO 62
NORITal

1F (POINT.NEL1} GO TO 31
GO TO 64

RETURN

END

SUBRUUTINE SODIU (LSU’PLOUTINBRIToPOINT,UNLTSORHOL » CRHOV4OXLAM,0

LSICR, OXNUL yOXNUY, TEMP, OPRES ¢ XMWy GAMMA )

DIMENSION HD{242) s XTEMP(2) oOTHCLIB) yOXLAMIB) ,OTERP(8) ,OPRES(S)

DIMENSION DRHOL(8)s0RHOV(B)NSICHLB) 4OXMULLBY,0RMUYIS)
INTEGER POINT.UNITS
FORMAT {*19)

FORMATY (/7 NOTE
HM=2

INU=0

NBRIT=0
GAMMA=5.,0/3.0
XMu=22.991
TCRIT=2600.0
IMELT321.0
t1o0IL=1156.2
PCRIT187.261.01325%10085

DATA (HOUT,1)e01mhy2)oHD(1o2)/78HS0DIUN ,2HNA/
OATA (XTEMP{§)y1=1,21/371.04220040/

NINO=1

IF (LSUPP.GT.1) GO TG 12

READ 1(5430) POINT.UNLTS

FOAMAT (1013}

1F (POINT-1) 31,32,31

If INBRIT.EQe1) GO T0 64

)7 TLSUPP.GT.1) (O TO 64

KLAD (5433) TEMP

FORMAT {BF10.4)

IF (TEMPLLT.XTEMPLL)Y GO TO 34

INPUT TEMPERATURE RANGE HAS BEEN AOJUSTED®)

LF (TEMP,GT.XTENP(MM}) GO 10 34

Gy Tu It .
READ (5433) TMIN,TMAX,DT

IF INBYIT.NE.L) GO TO S
THIN=(TMING459,67105.0/9.0
THAX={TRAXS&59,87)95.0/9,0

LF=NT¢5,0/9.0

L)

5 IF {TMINGTSXTEMPINM)) GO TO 34
IF (THAX.LT.XTEAP(L)) GO VO 34
IF ITMINLGE.XTEMP(1)) GO 10 43
IND=1
THIN-XTEMPLL)

43 IF JIMAXLLELXTEMPINME) GO 1O 44
INDw]
THAXaXTEMP{ MM}

44 TEMP=TMIN
11 CALL POUTI{HDXMUoTMELT 4 TROLL s TCRIToPCRITINARITGANRA,LSUPPY
I¥ (PUINT.NE.1) GO 1C 20
1F (TEMP.LT.XTEMP(L1}) GU TO 63
IF (TEMP.GT.XTEMP(MM}) GO TO 63
20 IF (PDINT.EQ.1) GO T0 21
IF (TMIN.GT.XTEXP{MM)} GO TO 10
1F (TRAX.LY.XTEMPLL)) GD YO 1O
21 IF (IND.EQ.O) GO TO 14
WRITE (6,160
WRITE (&6413)
14 1€ (POINT=1) 45,46,45
46 0OT=0.0
THAX=TENP
45 TEMP=/ERP-DT
99 LD ST K=l48
TENPaTEMPOT
IF [K.NE.1} GO TO 68
LF {TEMP.GT.THAX] GO TO 6)
88 IF {TENP.GT.TMAX) GO YO 61
NK=K
CTEMPIK)=TEMP
UPRESIKI=(EXPL9, 983175-!091!.06/15!?-636231 9/TEMPER2) 1810, 0005
CRHOL(X)={1.0136308-0.00023504458TEMP-0.0000NGC00098610482TENRPSS2 }u]
310.0%e)
ORHOV{K )= (EXP{1.000785=10129.16/TENP~5T5469.0/TENP*42) %1000,
TFul 60 lENP=459,6T
OTHCLIK)}=(1,4298-0, 0006lZ9Z‘lF00000°000l71210lF.'Z-O.ODODOOOOOO!Ob
1336TFe93}970,87
OSICMIK)«(220.0~0,091¢TENP)*0,00L
UXLAMIK)=14178,549¢0.20298410TEMP-0,00047659643TENP##2}21000.0
UXMUL{K)=0,8930EXP(1517.Q/(TENP®],9859)) /10,0004
UXMUV{K)*10.0000205571+0. 00000015619!&‘TEHP-0-0000000000!93!!3!'75
LnpPse2)00,1
1F {POINT.EQ.L) GO YO 61
ST CONTINUE
61 CALL POUT2 (NK,OTEMP+OPRESORHOL ¢ ORHOV 4OSIGMoDXLAM¢OXRUL 9 BXMUY 4GAM
IHA, XMay NBRIToUTHLL yPOINT L SUPPY
IF (PUINTLEQ.L) G} T 10O
IF {TEHP.LE.TMAX) GO TO 99
10 1F (NBKIT.NE.O} GO TU 62
NARLa Y
NIND=1

o

T e

s o e o T,




9e-23

34

9y

66
53

62

1F (UNIETS.EQ.2) Gu Tu 12
v) Tu 62

Alaxfemetl)

A2zXTEMPIMN)

IF (PUINT.EQLEY GO TU 5%
1emPz0.0

uwd TU &6

IM{N0.0

IMAXs0.0

CALL OCUTY (ALyA2oNBRITJUNITS POINT, TERPTHIN, THMAX,LOUT)
IF {UNITSWNEL2) GO TO 62
1F (NBRIT.NELO) GU TO 62
hBRITa1

IF {POINT.NE.1) GU TQ 2
GO Tu 64

RETURN

tND

SUBROUTINE POTAS {LSUPP,LOUT)NHRIT,POINTyUNITS,0RHOL o ORHOV ¢ UXLAM,0

1521GMDXNUL s OXMUV, TEMP s OPRES o XMy GAHMA}

15
16

30
12
32

33
o4

1)

v

OIMENSION HD{2,22yXTEMP{2),0THCLI8),OXLAK(B) (OTERP(8),0PRES{B)
DIMENRSION ORHOL(8)oORHOV{8)»0SIGR{IS)+DXMUL (B, 0XNUYIB)
INTEGER POINT UNITS

FORMAT (77/¢ NOTE INPUT TEMPERATURE RANGE HAS BEEN ADJUSTED')
FORMAT (*1")

HH=2

IND=0

NBRIT=D

GAMHA=S5,0/3.0

AMH=39,.1

TCRIT=2300.0

TMELT=336.9

TeOIL=1033.2

PCRIT=0.0

DATA (hD(1el)yIm1l,y2)4HOL1y2)/9HPOTASS UMy IHK/
CATA (XTEMPLi)elml,y2)/336.941900.C/

NIND=1

1F {LSUPP.GT.1} GO TO 12

READ (5,30) POINT,UNITS

FORMAT (1013}

IF (POINT~L) 31,3231

If {KBRIT.EQ.1) GO TO 64

IF tLSUPP.GT.1) GU TO 64

READ (5933} TEMP

FORMAT {8F10.4) .

1F [TEMPLLT.XTENPILY) GU TO 34

IF (TEMP.GYXTEMPIMMY) O i0 34

GO T0 11

READ (5433) THINgTMAX,0T

IF {NBRIT.NE.!) GO TO 5
TAINa(THIN®459,671¢5.0/9.0

THAL={ THAX4459.46T7105,0/9.0

OT207¢5.0/9.0

IF (IMNIN.GT.XTEMP{MM))} GO TO 34

IF {TMAXLLT.XTEMPLLY) GU TO 34

IF {THMINJGEXTtMP(1)) GO TO 43

=1
THIN=XTEMPIL)
A3 [F (TRAXLJLELKTERPIMM)) GU T2) 44
INDx)
TMAK2XTEMP{MM)
44 TEMPsTMIN
11 CALL POUTL{HD y XMWy THELT ¢ THOIL o TCRITyPCRITyNBRITyGAMNA,LSUPPY
IF (POINT.NELL) GO TO 20
IF (TEMP.LT.XTER2(L1)} GO TO 63
IF (TEMP.GT.XTEMP(NM)) GO TO 63
20 IF (PLINT.EQ.L) GO TO 21
IF {TMIN.GTXTEMPINN)) GC TO 1O
IF (TMAX.LT.XTEMPLLE) GO TO 10
21 JF (IND.EQ.0) GO TOU 14
MRITE (6416}
dR1Te (6415)
A6 [F tPOINT~1) 45,406,945
46 UT=0.0
THAX=TEMP
45 TEMP=ItNP-DT
99 D0 57 K=1,8
TEMP=TEMP+DT
IF {KeNE.1} GO T0 88
IF (TEMP.GTLTMAX) GO TO &3
88 IF (TEMP.GT.THAX) GO TO &1
NK=K
OTEMPL{K)=TEMP
UPRES(KDIS{EXPL9.191863~3030.992/TENP-433038.0/TENP#82})910,0095
NRHOL{K}={0.9003578~0. 00022545!b‘TEI?-0.0000000IZTQGIT'YENPO'Z)‘lb
100.0
URHOV (K]« (EXP{0.8135T42-8241%., ISITENP 426986, 1/TENP®®2))#10C0.0
IF=l.BeTENP-459.567
OTHCLIX)=(0.96689~0.000479040TF¢0.00000013770¢TF#42-0,000000000024
18849 TFen3)870,.87
OSIGHIK}=(14590.0¢10.0084029-0.00000281498TF }1*0,001
UXLAHIK)212269.079-0,13108445¢TENP-0.00020030352TENP®2)91000.0
UXMULIK) s {=0.000439050642.0284652/TEMP-541.09487TEMPO24164480.4/TE
IMPee3)30.1
OXMUVIK)=10,00003870094+0,0000001982508¢ TENP-0.0000000000452833¢TE
1MP832)e0.1}
1F (POINT.EQ.L} GO TO 61
57 CONTINUE
61 CALL POUT2 (NK.DTENP.OPIE5.0IHOL.ORHOV'OSIGH.DXLAI.OXNUL.DINUVqGAl
1MA XMW NBRIT4OTHCL y POINT 4L SURP)
{F (P0INT.EQ.)) GO TGS 10
IF (TEMPLLE.THAX) GO TO 99
10 IF (NBRIT.NE.O) GO TO 62
NBRIT=L
NIND=1
IF (UNITS.EQ.2) GO ?2 12
GO 10 82
34 Al=XTEMP(L)
A2=XTEMPIWM)
IF (PCINT.EQ.1) GO TO 55
TEMPx0.0
GO T0 66
55 TMIN=0.0
TMAX=0.0




13
63

62

16
15

WARIAS]

3¢
32

33
64

3

w

L}

-

Yy
ti

CALL POUTY (ALyAZ NBRITLUNITS,PUINT, CEMP THIN THAX,LOUT)
IF (UMITS.NEL2) GU TU 62

1F INBRIT.NELU) GO TO 62

N3R(T=1

IF (PUINT.NELL) GO TO 31

W0 T &4

RE TURN

END

SUBROUTINE LITHI (LSUPP,LOUT,NBRIT,POINT,UNITS,ORHOL, ORHOV,CXLAM, 0
1SEGA,0XMUL s OXMUY, TERP ,OPRES ; XNWe GAMMA ) )

DIMENSION HD(Z92) 4 XTEMP (215 0THCLIC) ¢OXLANIS) ,OTENP{B) ,OPRESIB)
DIMENSION ORHOL {81 ,0RHOVIB),0SIGM{8),0XMUL (8),0XMUVEE)

INTEGER POINT,UNITS

FORMAT (*1°¢)
FORMAT (/7
M2

IND=0

NER{T=0
GAMMA=5.0/3,0
XMW26.939
[CRIT=3500.0
TRELT=453,0
TBOIL=1£13.0
PCRIT=0.0
DATA {HD{1,1)s08142)yHDUL92)/TRLITHIUN,2HLEZ
DATA (XTEMP(1)412152)/453.0,2100.0/
NIND=]

IF (LSUPP.GT.1) GO TO 12

READ 13,300 POINT,UNITS

FORMAT (1013)

IF (POINT-1) 21,32,31

IF (NBRIT.EQ.1} GO YO 64

IF (LSUPP.GT.1) GO TO 64

READ (5433) TEKP

FORNAT (BF10.4)

IF (TEMPF.LT.XTENP{1)) €D TO 34

1F (TEMP.GT.XTEMPIM®)) GO TO 3«

60 10 11

READ (5,331 TMIN,TMAX,OT

IF {(NBRIT.NE.1)} GO 10 5

EMING CTMIN®459,67)95.0/9.0

THAXS (TRAX+459,6T)45,0/9,0
DT=UT95.0/940

1F (TRINSGT.XTEMP (MM} GO TO 34

1E (TRAXLLT.XTEKPLL)) GNP TO 34

IF (TMINJGE.XILHPILI] GO TQ 43
IND=1

THIN:XTEMP(1)

IF (TMAX.LELXTEMPINN}) GO TO 44
iNDat

TRAX: KjeiiPtMm}

TEMP=TMIN

cat PGUFI(NE-XNN.rNEtl.luO!L.rCRIf'PCRIV-NBult GARMA L SUPP)
IF (POINT.NE. xy 60 10 20

NOTE INPUT TEMPERATURE RANGE HAS BEEN AOJUSTED')

Bl s a2 SR e mr v

20

21

14

46

495
99

57
61

10

34

5%

66
63

62

IF (TEMPLLT.XTEMP{L}) GO TU 63
IF LTEMP.GT.XTEMPINM)) GO TO &3
1F (PUINT.EQ.}) GU TD 21
IF (TMIN.GT.XTEMP(MM)) GO T0 10
1F (THAXLLT.XTEMPIL)) GO TD 10
IF (INDJECLOY GO T2 14
WAITE (6e)S)
WRETE 16.15)
1F {PUINT=1) 65,46445
uT=0.0
TMAX=TEMP
T MP=TERP-DT
D0 57 Kk=1,8
TEMP=TEMP+0Y
If {KeNE.1) GO 70 83
IF (TEMP.CT.TMAX]) GO TO 63
IC (TEMP.GT.TYMAX) GO TO 61
NK=K
OTEMPIK)I=TENP
OPRESIK]I=1.01356%10, 0"(5.!.3[‘7877.9[!5!').[0 [ L3
URHOL(K)={0.546398~0,000093017994TENP+0.000000009318T4L18TENPEe2 j0o]
109¢3
URHOV(Kl-(EXPIO.632&23&-15605-TZITENP-IIZQGGQ.OITEIP..Z)i‘lo-o“)
TFxTEMP#9.0/5.0-459.67
QTHCLIXK )= {0.49998+Q. 0002?992'TF00.000000022565.TF.'Z-0.0000000GOOZ
14606*TF*931970,87
USIOMIK)I=(454.494B~0.11356226TEMP#0.C00001615487+TENP*22)20.001L
OXLAMIK)=(26390.0~5.325¢TEMP+0.000625«TEMP2#2)#1000.0
UXHUL(KI=(0.002924347-2 648556/TERP#2395.261/TENP992-53025T.4/TENP
1vel)e0, 1
OXMUYIK)= I0-000036138!500.00000011GTXBZOTENP 0.00000000001135025¢7
1EMPe92)90.1
1F {(PUINT.EQ.1) GO YO 61
CONTINUE
CALL POUT2 (NK'OTENP.UPRESnORNOL'OIHUVIOSlGH.DXLAH'DXNULUDXHUV.GAI
LHA, XMW NBRIT OTHCL o POINT 4LSUPP)
IF (POINT.EG.1) GO 10 10
IF (TEMP.LE.THAX) GO YO 99
JF [NBRIT.NE.O) GO TO 62
NBR[T=]
NEIND=1
1F (UNITS.EQ.2) GO TO 12
GO TL 62
Al=XTEMPL1)
A23XTEMP (MK}
IF (POINT.EQ.1) GO TO 55
TLMP20.0
60 YU 66
TMIN=0,0
TMAX=0.0
CALL POUT3 (AI.AZ.NBRlTQUNITS-POXNT.TKNP.TKIN.TNAX.LOUTI
iF (UNITS.NE.2) GU TO 62
IF INFRIT.NE.O) GU TO &2
NHRIT=
IF (PUINT.NELY) GO FO 3t
e T ke
REFURN
END




8¢-27

" L6 FORMAT (*1%)

SUBRUUTINE MERCYU (LSUPP.LOUT NRRIToPUINTJUNLTS oORHOLyURHOVUXLAMLO
151GMoUXMUL ¢+ OXMUY, TEMP s CPRES s XMy GAMMA)
UIMENSION HOU292) o XTEMP(2)yBTHCLLBI o OXLAKNEB) )OTEMP(B) ,CPRES(R)
DIMENSION ORHUL{8),0RHOV(8),LSIGMIB),OXMULEY) OXMUVIE)
INTEGER POINT,UNITS
15 FORMAT 7/ NOTE INPUT TEMPERATURE RANGE HAS YEEN ADINSTID?)
BLLEYS
{ND=0
NAR{T=0
GAMMA=5,0/3.0
XKH=200.61
TCRIT=1735.0
TRELT2234.33
TBOIL=630.2
PCRIT=1.Q5°10.09%8
DATA (HDIIgLl)yImle2)9HD{Ls2)/ THMERCURY ¢ 2HHG/
DATA (XTEMP{I)s1=152)/234.33,900.0/
NIND=1
1F {(LSUPP.GT.1) GO TO 12
READ 15,30) POINT,UNITS
30 FORMAT {1013)
12 1F {POINT-1) 31,32,31
32 JF (NBRIT.£Q.1) GO TO 64
AF (LSUPP.GT.1) GO TO 64
READ (5,33) TEMP

YNIOTRO
douqyy

33 FORMAT [8F10.4) =
64 LF (TEMP.LI.XTEMP{1}) GO TO 34 S
IF (TEMP.GI.XTEMPINM)) GO TO 34 =
60 YO 11 =
31 READ {54.3) THIN, TMAX,DT =
IF (NBRIi.NE.1) GO 10 S sy
THIN=(TMIN®459.671¢5.0/9.0 -~
" TRAX2 [ THAX4459.67)95.0/9.0 -
DT=0145.0/9.0
5 IF [TNIN.GT.XTEMPINM}) GO TO 34 >
IF (TMAX.LY.XTEMPLL)) GO TO 34 =3 .
IF (TRIN.GE.XTENP{1]) GO TO 43 g
IND=1 =
TRIN=XTENP(1) e
43 IF (TMAX.LE.XTEMPINA}) GO TO 44 <
IND=1
THAX=XTERP(MM)

44 TEXP=IMIN
11 CALL POUTLIUHDe XMWoTMELT,TBOLIL, TCRIT,PCRITNBRITGAMMA,LSUPP)
1F {PDINT.NE.1} GD 1D 20
IF (TEMP.LT.XTEMPIL)) GO TQ 63
IF (TEMP.GT.XTENPIMMI) GO 10 63
20 IF {POINT.EQ.1) GO TO 21
IF (THIN.GY.XTENPINM)) GO TO 10
IF (TMAXLLT.XTERP{L)) GO TQ 1O
21 IF (IND.EQ.O) GO TO 14
WRITE (6416)
WREITE 16,15)

16 IF (PUINT=1) 45446445

40 LT=0.0
TMAKa TENP

4Y TERP=TEMP-DT

99 VU ST K=1,8 .
TERP=TEMPeDT '
1F (KeNE.1) GU TO B8
1€ [TEMP.GT.TMAX) GO TO 63 .

88 IF (TEMP.GT.TMAX)} GU TO 61
HK=K

UTEMP(K)=TEMP : :
UPRESIK}I=110.008(10.3735~3308.0/TERP=0.ACALOGLO(TENPI)I#133.3

C LIQUID~METALS HANCBOOK (ATOMIC ENERGY COMMISSION)

URHOLIKI2{14.38176-0.002861T668TEMP+C.0000003T6I4TSETENPES2}81000.
URHOVIK)=EXP(3.243496-4559.02/TEMP-60T443,0/TENP*S2) )*1000.
UTHELIX)»10.14648003450.0368/VEMP=-B82000.5/TEMP#2432629500.0/TENPS
193~4436610000.0/T HP#%4)%10L.0 .
DSIGM{K)=1487.625540,00132798TEMP~0,0002458797¢TEMP22)%0,00L
OXLAMIK)={~0.024*TEMP483.1568)%4184.0

UXMUL (K)=10,008036587~3,198839/TENP+29T71,399/TENP®82-354408.T/TENP

1621)90,1
OXMUVIK)={0.0000714320540.000000630029*TEMP+0, 00000000033 734759 TEN
1Pee2)90,1
IF (PDINT.EQ.1}) GO TO o1
57 CONTINUE :
61 CALL POUT2 (NK OTEMPoOPRES,ORHOL s ORHOV0SIGM 0
1MA, XMW, RBRITyOTHCL 4 POINTLSUPP)
LF {POINT.€Q.11 GO YO 10
IF (TEMP.LE.TMAX} GO TQ 99
10 IF (NBRIT.NE.O) GO TO 62
NBRIT=1
NIND=|
IF (UNITS.EQ.2) GO TO 12
GO TO 62
34 ALsXTEMP(1LY
A2wXTEMP(KN)
IF (POINT.EQ.1l} GO TO 35
TEMP=0.0
GO TO b6
55 TMIN=0.0
THAX=0.0
66 CALL POUTI (AloA2 NBRITQUNITS POINT o TEMPTNIN, THAX,LOUT)
63 IF (UNITS.NE.Z) GD YO 62
If (NBRIT.NE.OS GC YO 62
NBRIT=]
IF {POINT.NELX) GO TO 3)
GO TO &Y
62 RETURN
END

XLANMOXMUL ¢ OXMUY o GAN




C.3 VARIABLE CONDUCTANCE HEAT PIPE ANALYSIS CODE USER'S MANUAL

C.3.1 Introduciion

This section describes the utilizatior of a digital computer code for Vari-
able Conductance Heat Pipe Analysis (VCHPA). This computer program considers
the steady-state performance of cold-wicked reservoir gas-controlled heat pipes. Thé
reservoir and inactive condenser section are assumed to be in thermal equilibrium
with the sink témperature. Flat-front analyx_sis is used with corduction and diffusion

effects being assumed negligible. This code consists of the following analyses:

e Design Analysis

¢ Performance Analysis

In the Design Analysis, storage velume and gas charge requirements are
calculated parametrically as a function 6( sink temperature range and allcwable vapor
temperature range (control sensitivity). The Performance Analysis presents a para-
metric study of performance for a system within the range of specified maxim:m con-
ditions. The analysis and formulation of the equations used in the program are pre-
serted in Section C.%.2. A general description of the program is presented in Section
C. 3.3 along with a description of the program's input and output. Nomenclature is -

listed at the end of this section.

The flow diagrams, program listing, and sample problems are presented
in the Appendiées. A listing of FORTRAN names wich enginee_.ng quantities is also

included as an Appendix.

C.3.2 Analysis

Figure C. 3. { shows a schematic of a cold-wicked gas-controlled heat pipe
and its assumed temperature distribution. A steady-state analysis has been performed
" to determine storage volume requiremse+-:s and performance within the desfgn range.

The following assumptions were made in performing the unalysis:

e Flat front analysis is applicable; i.e., thermal conduction

and mass diffusion eifects are negligible.

C.3-1
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Figure C.3-1. Schematic cf a Cold “Vic..ed Gas-Controlled Heat Pipe
ard Its aAscumed Temperature Distribution

.C.3~2



" ® .The cntire condenser length is active at the maximum condition.
e The entire condenser is blocked at the minimum condition.

e The inactive part ¢f the condenser and the reservoir are at the

sink temperature To'

e The noncondensable gas obeys the Ideal Gas Equation of State,
Using these assumptions, the following equations apply:
e Conservation of Mass

m = m + m C.3-1

e Law of Additive Partial Presaures (applicable to inactive part of the

condenser and also the storage voiume)

P, = pv,o + “2-0 (Inactive Condenser)
C.3-2
pv = pv,r + pg, r (Reservoir)
¢ Ideal Gas Equation of State
= (mMRT C.3-3
® V)g ( )g .
The above cquatiohs yield the following relationship:
P, -P, '
m =[——=22) v +v' ) ' C.3-4
E Rg To r v,c )

where'\f; c is the volume of the vapor space in the inactive condenser at the minimum

»
condition. Thus at the maxiinum condition:

Pp,_-P ) :
: e yY__Yr . ) ’ -
mg ( Rg Tr )max _Vr | C.3-5

At the minimum condition:

Co 3?‘3
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P, -Dp, R
mno.- v Vv, 0 \,l . V vyt v
y R T v, ¢ R T r C.3-6
E o min ) [L min

The ratio of reservoir volume to condensor vold (inactive voluime of condenser) is ob-

tained by equating Equation ("_. 3-5 and C, 3-6:

Ve oo ' 1
- - C.3-7
V p ~-p / R
v, ¢ v, Max v, 0, X 0, Min 1
N 0 ™
t v, nin ! v, 0, min 0, Max

The ratio of the mass of the noncondensing gas to the condenser volume Is obtained

from Equation Q. 3-6:

m ! \Y ) -
Y 1 r lv, min p\',n, min v w
! = | 1 Cou -8
\Y R A% T
v, ¢ iy v, ¢ o, min
The heat transfer from the condenser to the sink can bo defined as:
Q-G (I -T ' C.3-9
? ('c “v 0)
Tho maximum required conductanco of the condenser s theveforo:
Qmu
Gc max (T "1‘ ) C.a-10
v v, max 0, Max
Combining Equations C. 3-9 and C, 3-10, the heat transfer at any vapor and sink tem-
peratures within the control vange is:
Q- G -T C.3-11
Q ‘c,max (rv u)
where 7 is given by:
(JC \_:'r “g mg 'I'o
Ne e .7 4 - C- :“‘l;’
G S L
¢, max v, ¢ vy v V0



The Design Analysis consists of solving Equations C.3-7 and C. 3-8 for
the storage volume and gas charge requirements as a function of the sink temperature
range and control sensitivity A Tv' The calculations are performed for a specified
nominal operating temperature AT and minimum sink condition T . with

: v,n o, min
maximum sink temperature as a parameter. For a given ATV the maximum and

minimum vapor temperatures are:

ATv :
T =T A+ C.3-13
Vv, max v,n 2
AT
\
T .. =T - C.3-14
v, min v, n 2

The control range is decreased in accordance with a specified ATV incre-
ment until the storage requirement exceeds a specificd maximum or becomes negative
implying that a cold-wicked reservoir cannot provide the desired control. The analy-
sis is repeated for successively increasing sink temperature ranges mmtil the maximum

.
-

specified range is reached.

In the Performance Analysis, the heat transport is calculated as a function
of vapor and sink temperature . Performance calculations are performed for a spe-
cific design (based on Equation C. 3-7), for a specified acceptable control range Tv,nm_\'
and T ., and for specified extreme sink conditions T and T . . Inthe

v, min 0, max o, min
event that the specified control range cannot be accommodated with a cold reservoir
system (i.e., Vr/V“r‘ c< 0), the range of vapor temperatures is increased by a 10C
increment and this process is repeated until control can be obtained. Once the stor-
age requirement has been determined, the maximum required condenser conductance
Gmax is calculated from Equation C.3-10 and the parametric :m:ﬂysis is initiated for
the minimum sink condition. At a given sink temperature, the heat transport Q is
calculated for increasing values of vapor temperature above the minimum specified
value until the condenser is fully active (i.c., 7 = 1). The analysis is then repcated

for successively increasing values of sink temperature until the specified maximum

sink temperature is reached.



C.3.3 Program Description

C.l ! General

A listing of the program is presented in Appendix €. The program was .
written in FORTRAN V and was designed to operate on the UNIVAC 1168 system. The
Property Data Acquigition Code is required as a subroutine to d(-tormlm‘- working fluid
vapor prossures, The FORTRAN names and the physical quantities they repicsent
are listed in Appéi\dL\ B. Storage requirements ave on the order of 89, 000 words

(octal),

The flow diagram s included in Appendix A as an aid in the overall pro-
gram logic. Input for this program is in 1« NAMELIST format. This -ulows the user
to run multiple cases by changing only lhc var fables which are different from those
of the previous case,  All other fnputs are relnitinlized as for the preceding ease. '
The program contains options to perform cither the desipn analysis and/or pvrfnr-—
manee :\;\:\l_\'sis. Basically the program reads the input data, performs the required

analysis, and outputs the data,

The deck setup as shown in Figure C. 3-2 consists of job control cavds,
the program source deck (which includes fluid property data acquisition code), addi-

tional control cards followed by the fnput data and program termination canrds,

,3.3.2 Input Description

The entries to bo made on tho various input cards are described in Table
C.3-1. The NAMELIST group name, FORTRAN name, format, and units to be used
ave indicated for each entry. A listing of sample input data of an ammonia heat pipe,

usime nituwo as the noncondensable gas, I8 vresented in Table C.3-2 for two cases,

Tabla C.3-2  Sample Input Data

AvMONTA
NITLOGE
sCONTRO MORE= a-LIQUID SelLCI=2+LC2=1%
SUATAIN TOMAX=304.0sTOMINZ268,0¢DT0=S.0¢ TVMAX=328, OotVMIN 308,00
NTV=1,0eDOTV=1,00RG=296, bQ'QMAX‘b Qe VRVC=50,09
avmonita
NITORGEN
PCONMTRO MUPE=U4LC1=)4LC2=28

C.3-6
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‘i'able C.3-1. Imput Data Description

Input
Card Fortran
No. Format Name Description ’ Units
1 2A6 HD1 Headings (working fluid} ' . -
HD2 '
2 2A¢6 HD3 Headings (non-condensible gas) -
"HD4
3* - CONTRO NAMELIST group name -
integers MORE - Contrel Point, integer = 0 for last case; -
otherwise integer = 2
LC1 Control Point, integer = 2 for both -
design and performanrce analyses;
otherwise integer = 1
LC 2 Control Point, integer = 2 for perfor- -
mance analysis; otherwise integer =1
4* - DATAIN NAMELIST group name -
Floating TOMAX Maximum sink temperature OK
Point .
Constants TOMIN Minimum sink temperature °k
DTO Increment of the sink temperature %k
TVMAX Maximum vapor temperature °k
TVMIN Minimum vapor temperature °k
DTV Increment of the vapor temperature °k
DDTV Operating temperature control range °k
RG Gas constant of son-condensible gas N m/kg OK
QMAX _Maximum heat transport w
VRVC Maximum allowable ratio of : :servoir -

volume to condenser void

*  Start with a $ in column 2 followed immediately by NAMELIST group name. New
data follow and are ended with $.

C.3-8




The first case requires both the design and porformance analysis.  In the scecond case,

only the performance analysis is requested,

Cod. e Output Description

The program outputs essentially all input data.  In the Desipn Analysis,

the reservoiv-to-condenser volunme vatio and mass-to-condenser volume ratio are
L€

0, min

If the required temperature control cannot be satisfied by @ pavticular

owmpt in tabular form versas operating tomperature control range A'l‘v for T
T <T .

O 7T Gy Inax .
sink tempornture, the iollowing statement will appear in the table. "RESERVOIR CAN

'NO LONGER PROVIDE DESIRED TEMPERATURE CONTROL"., When the Performance

Analysis is requested, the required reservoir-to-condenser volume vatio correspond-
ing to the specified input is output along with the noncondens:able mass-to-condensey
volume ratio.  This is followed by tables of the heat disstpated and the ratio of active
condenser length to total condensor length versus oporating vapor temperature for

successive sink temperatures, I the spectfied vapor temperature vange had to be

- adjusted in ovder to have a working cold-reservoir system, the statement ¥ VAPFOR

TEMPERATURE RANGE t1AS REEN ADJUSTED" will appear before the tabulav data,
The storage roquirements corresponding to theso adjusted temperatures arve ealeu-
lated and used in the analysis. A listing of typical output is given in Appendix D with

tha sauple problem.

3.3, Nomenclaturo

The following is a Hsting of the nomencliture and associated sywhols used

in the varviable conductance heat pipe analysis.

C.3-9




NOMENCLATURE
S\'mb.ol . _ . Description : | Units
A Heat rejection area per unit length of condenser m?/m
G T Thermal conductance _ w/°K
h Heat tran.fer coefficient W/°K mt
L, : Activé tength of condenser . m
‘m Mass of non-;;'ondensible gas - kg
P Pressure _ . N/m?*
Q Heat transport : w
R ~ -Gas constant of non-condensible gas N m/kg °k
T Temperature | OK
v Volume ' ' . m?
Subscript:
c Condenser
eff Effective
£ Non—condensil-ﬂe gas
n Nominal
max. Maximum condition
min. Minimum cqndition
o Sink
by Re§ewoir
v . Vapor -
C. 3-10
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Appendix A. Flow Diagram

for the Variable Conductance Heat Pipe Analysis Code
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READ NAMELIST
CONTROL CARD

READ NAMELIST
PERTINENT DATA

‘ STARTY >

(Ve7ve)
<0

NEED BOTH
ANALYSES

DT, V7V,
tmsvy)

NDICATOR ON

EED DESIGN
ANALYSIS

REQORDER
CALCULATED
DATA

OTMAX ¢
TOMIN - DTO

74 A

¢/ Y mox

K

COLO RESERVOIR CAN,
NO LONGER PROVIDE
DESIRED TEMP CONT

Ni=i
OTMAX :OTMAX +DTO

CALL DAC FOP VAPOR
PRESSURE B CALC

(V7V} B (mrve)

DTV =
DTYVMAX +DOTV

OTMAX

YES

ADJUSTED

SINK TEMP

_$

PERFORMANCE
ANALYSIS

.[,S ‘ A
p-{)D]L'

GALL DaC FOR VAPOR

PRESSURE 8 CALC
(V, 7V}

3

T/=TJYMIN -DTV

Tv=TV¥ +DTJ

PRESSURE 8 CALC
o

'y

C3-12

TOMIN = TOMIN + 1 YES
TOMAX s TOMAX =1
(o]
TO < TOMAX 4 TO=TO+DTO TO s TOMIN - OTO

N i t
! .

CALL DCA FOR VAPOR

YES




Appendix B. FORTRAN Names

and Associated Physical or Engineering Quantities

C.3-13
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Fortran Name ' Description | Units oo
OUT 1 Operating temperature control rangt; (ATy) oK [-.., | ?

- OuUT 2 : Reservoir - condenser volume ratio (V,/V,) - -
OUT 3 . .Ratio of the mass of the gas to the condenser l
volume (m/V,) '  kg/m® g

CONTROL A NAMELIST group name ' -
MORE - Control Point, integer = 0 for last set of daia, - l

otherwise integer =2 .
LI1QUID Control Point, type of working fluid -

Hydrogen b
Nitrogen :
Oxygen
Water
Ammonia
Methanol
Acetone
Freon-~21
Sodium

10 Potassium
11 Lithium
12 Mercury

O W00 WU W=

LC1 . Control Point, integer = 2 for both Design Analysis -
and Performance Analysis, otherwise integer # 2

LC2 Control Point, integer = 2 for Periormance -
Analysis only, otherwise integer # 2

DATAIN A NAMELIST group name -

TOMAX Maximum sink temperature oK ‘

TOMIN Minimum sink temperature l‘_)K ‘

DTO Increment of the sink temperature °k !

TVMAX Maximum vapor temperature °k

TVMIN Minimum vapor temperat.ure OK
f

C.3-14




Fortran Name

DTV
DDTV
RG
QMAX

VRVC

HD1, HD2
HD3, HD4
KOUNT

LSUPP
rLour

TVN
IND
OTMAX
NN

MM
DAC

ARHOL*
ORHOL

ARHOV*
ORHOV

AXLAM*
OXLAM

Description
Increment of the vapor temperatu"re

Operating temperature control range

- Gas constant of the non-condensible gas

Maximum heut transport

Maximum allowable ratio of reservoir volume
to condenser vapor volume

Headings (working fluid)
Headings (non—condensible gas)
Control Point for calculations

Control Point for the Property Data Acquisifion
Code

Control Point for the Property Data Acquisition
Code

Nominal operating temperature
Control Point for different analysis
Sink temperature |
Control-number of calculations
Control-number of calculations
Property Data Acquisition Code

Liquid densicy
Vapor density

Latent heat of evaporization

kg/m?

kg/m®

W s/kg

*  Data not used in this program but mcluded as a general format for callmg up
the Property Data Acquisition Code,

C.3-15
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Fortran Name -

ASIGM*
OSIGM

AXMUL*
OXMUL

AXMUV*
OXMUV

PVOMA

XMW
GAMMA
PvOoMl
VTD
VTMAX
VTMIN

PVMAX
. PVMIN

VCDVR
VRDVC
NNN
NNP
CTVMA
CTVMI

GMAX

Description

Surface tension

Dynamic liquid viscosity '

Dynamic vapor viscosity

Vapor pressure at the maximum sink
temperature

Molecular weight of the working fluid
Ratio of specific herts of the working fluld
Vapor pressure at the minimum sink temperature
Increment of vapor temperature

Maximum vapor temperature

Minimum vapor temperature.

Vapor pressure at the maximum vapor tempera-
ture :

Vapor pressure at the minimum vapor tempera-
ture

Condensér-reservoir volume ratio
Reservoiv-cendenser volume ratio
Control-number of calculations
Control-number for temporary storage
Maximum vapor temperature
Minimum vapor temperature

Maximum thermal ccnductance

Units

N/m
kg/m s
kg/m s
N/m?

kg/mole

°x

°k

w/°x

*  Pata not used in this program but included as a general format for calling up
the Property Data Acquisition Code.
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Fortran Name

NA
NB
TO
KT

PVO

- Descrigtion.
Control-number of calculations
Control-number of calculations
Si{xk temperature
Counter for calculations
Vapor pressure at sink temperature
Vapor pressure
Effective length

Heat transport

C.3-17

Units

N/m?

N/ m‘.
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Appendix C, Program Listing

of the Variable Conductance Heat Pipe Analysis

£
Eony,
e
1’4 Gy 01,41\,
&
JVOJ,
F%
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GERENSTUN UUTTISU)UuT 250 1,0UT 3CA0)
NAPELIST2CORTIU ZRORE oL 1O1IDLLE L4 L 2
NAMEL IST/ZNATAIN/ TUMAR QT NI, GT0, SyMAN, TYRING IR o 'OTY g RG o IMAX o VRVC

1) Fimmag goege)

V2 FURMAT §77/7% vV A K LA WL LuNvuCTaNnce Hit oAt
l PiIrPt ANA LY S T SEVLHPAYY)

U3 FuRMAY (270 ILYLD-~wiCRED RESYRVLU
U tRyey

IF FONPAY U/277° Dt S Y 6w ANALY SR

YU FORMAY (/7% I NP UT DAT £ ")

21 FURMAT (/7% PARIMUM ALLOWABLE SINK TERPIXRY
ixley

23 FURMAT (/7% NOMINAL JPLRATING TeAP{R)  MAX, UPFRATING TCHPIX)
3 MIN. UPERATIAG TEWPIK)®)

25 FORMAT (/7% MAXIMUM BLLOWABLE AMTID DF RESC/VOIK YOLUME TU CUNDEN
13LA vOIO*H

MINIRUR SINK TEMRL

26 FORMAT 7/ uuteus DAT AN

27 FORMAT (r7¢ AR, SINK TEMP(K) {DTIVAPORIK) tvRsv
ic) ARINCHERG/N-N-NY P )

53 FUAMAT {/4° MESERVOIR CAN NO LONGER PNOVIDE DESERED TEMPERATURE €
LONTRLL?)

36 FOAMAY 14/ P ERFURMNANCE ANAMLY S 8%
124 FORMAT 17270 MAXIMUM SINK TEMPINS MININUN SINE TEMP(K)®)
37 FORMAT (/7% HAXINUW HEAT THANSPORT{w)*)
123 FORMAY (/70 MAN. VAPOR (EMPIX} Wik, VAPOR TEKP(K)®}
255 FURMAT (//7¢ VAPOR TEMPERATURE RANGE HAS BEEN ADJUSTED *}
38 FORMAT (//% #AT10 OF RESERVDIR VOLUME TQ CONDENSER ¥OID*)
3G FORMAT (/7% WATID OF THE RASS OF NON-CONDERSISLE TO CONDENSER VLI
IDIKGI-R-p} o)
AQ Fuamat {17 SINK TEWP(K) YAPUR TEXPIR) HEAT TRANSPO
1RT{¥) ACTIVE CONDEWSER LENGTH/TATAL CONDENSER LENGTH?)
10 FOSMAT 1248}
14 FORMAY (/777184 WORKING FLUYO v2A0)
15 FUAMAY 1//24H NON-CONDENSIBLE GAS v2461)
16 FURMAT $7/2BM GRS CONSTANT {H-MIRG=K}  oF8.3)
22 FOAMAT (/7F15.25197,F15.2)
24 FORMAT §7F19.247K0F13.2,10,F19,.2)
28 FURMAT (7€20.3)
34 FORPAY (/20K,F20.3,2E20.6)
122 €ORMAT (/7 38,.3, X Flé.32
50 FORMAT (FF16.4)
42 FORMAT )2202,F20.3,€20.6,20%,F10.5)
S1 REAJZ 1%,10) HDI,HD2
READ 13,10) HD3,HD4
RCAD (5,CONTRO }
READ {5,0ATALINY
KOUNT =0
Lsupp=2
LOUT»Y
TN (TYRAX=T¥PINDJ2,04TVMIN
MREITE (6y11)
WRITE 106,12)
wRETL (6413)
WRITe (6y34) HDL4HOZ
WRITE (6,15) WDIgHON
WRITE (8,100 &G
18020
1F {LClanfa2) LU 3D 17

~

this
1F (1C2.,6C2) LU 1D 1y

wRiTe {&ed2}

akilE (6419}

wiTr (&420)

wille (6,71)

ntlle 16,721 TORAX, TOMIN

wifhk (6,23}

WRITL (6400 TVN,TYMAZ, TVMIN

WRITE [6,2310

®itiTe 16,50) VRVC

LYMAXLTOMIN~OTO

ANR(TOMAX=YOMINY/ZOTUS YL

PHe L IVRAX~TVRIN}/OCTV Y

Ul 29 Il 4NN

UTMAX=0THAXSOYD

IF 10TmARLGTLTURAN)Y GU TD 30

CALL DALIL IGUIDLSUPP oL OUT ¢ ORIOL y ORHOV 4 OXLAW, DS 1GMy UXMUL S UK
1UVLGIMAX, PYONA, XMy GANMA }

1F 1LDUTLGYW1) GO TO 3

CALL DACILIQUIDWLSUP®,LOUT »URNDY s DRHDV, OXLAKOS (GMy OXNUL guX
YUYV TUMINGPVOME 4 XMW, GAMNMA )

IF (LOUT.GT.1) GO TU 38

VID» tTYMAX~TYRINI+DDYY

LLLLT

U0 31 u=l,Mn

VID=vTI(-00TY

VIHAR=Y¥NSYID/2.0

VI¥{NaTYN=YID/2.0

IF YVTAINLGEQ.VTHAKY GO TO 32

CALL OACILIQUIDWL®"'PPHLOUY o ORNDL o DRHOV, OXLAN, Q5 1GH,0XNUL ¢ OX
JUVSVINAX PYMAK, XMW (GAMRE *

If (LUUT.GT.1) L0 T 3%

CAaLy OACLLIQUID, LSUPP oL OUT+URHOL s DRHDY DXLAM, GSEGR, OXMUL o TR
LUV YTMIN, PYMIN, KRR, GANMA)

IFf {LOUT.GT. LY GU 1D DS

VCOYR= LIPVRAK=PYOMA IS TOMIN/ ( IPYMIN-PYUNS JOOTHAX ) =), 0)
¥ROVC«1.0/VCDVR

XMOVCx L1 ¢YRDVCIS{PYNIN=-PYOMT}/ (TOMINSAG)

CUTItI)I=VTID

OUT2{J)=VRDYL

DY3LJ)=XN0VC

IF (VRDYC.17.0.0) GO TQ 32

IF IVROVE.GTLVRVEY GO TO 32

NNN= g

31 CONTinUE
32 IF (NMNJEQ.OH GO YD 99

NNP<XARZ
DO 33 KulyNNP
STURI=DUT LK)
STORZ#OUTR{K)
STORIsSQUT IR
NPRNNNE1~K
OUT 'K 1sQUT LINPY
UBT21R)=0IT2(NPY
- uUTKIQUYBINP)
UUTLINPY=SYORE
QUE2LNPLIaSTOR2
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33
9

52
29

56

135
5%

253

AT/

d TN

UUTSINPIaSTORS

CONTINUE

WRITE 16,110

WRLTE (6426)

uRITE 16427)

WRITE 104280 OTMAX

LF (NNN.NELO) GO TO 52

WRITE (6453)

G0 Ty 29

WRITE (64380 (OUTLELTDL0UT2(LIDo0UT3EL1)e1n1oNNN)
CONTINJE

IF (lND.NE 19 60 10 3%

WRITE 16,11)

wRiTe (6,306}

WRITE (8,200

MRITE {61210

WRITE (&,122) TOMAX,TOMIN

WRITE 16,37}

HRITE (6,24) QMAX

CTVAAATVMAX

CTVYRIaTVMIN

GRAX=QMAX/ (CTVMA=TOMAX)

catL DAC{LIQUIDsLSUPP 4 LUUT 4 ORHOL yORHOV, OXLAM, 051 GMy OXNUL »OX
LUV CTVMA, PYRAX s XMW o GARMA)

IF tLOUT.GT.1) GO TO 35

CALL DACILlQUlU'LSUPP.LOUT.ORHDLleHOV.OXLAH.USIGH'OIHUL.Ol
LUV, CTVMTL o PYMIN, XMW s GANNA)

1F {LOUT.GT.L) GO TO 35

CALL . DACAL IGUID, LSUPP 4L OUTyCRHOL s ORHOV ; DXLAMOSIGMy OXMUL » OX
LUV TOMAK s PVOMA o XMy GARRA)

IF (LDUT.GT.1) GO TO I%

CALL DAC{L1QUI Dyt SUPP,LOUT ORHOL ¢ URRUV OXLAM,OS1GMe OXMUL yUX
1UV, TOMENS PYOMT ¢ XMWy GAMMA)

1f {LOUY.GT.1) GO 70 35
YCOVR=SPYMAX-PYOMAISTONIN/ C{PYMIN-PYOMI ) #TOMAX)=1.0
VROVC=140/YCDVR

1F (VROVL.GT.0.0) GO T0 54

CTVMASCYVNA$LLO

CTVMIaCTYMI=1,.0

KOUNI=r "UNT e}

1F {KUUNI.GT.20) GO 1D 138

GO0 TO 56

WRITE (6,53

GG IC 35

WRITE (641230

WRITL 1641220 CTVMA,LTYAL

XMDVC2( L. 0¢VRUVC)S(PYMIN-PYOML I/ CTOMINORG)

IF (KUUNT.EQ.O) GD TO 253

WRITE 164254}

whiTE {6511}

WRITE (6,26}

WRITE (b, 38)

WALTE (be50) YRODVC

wWHITE €4¢39)

wRilt (65" ) XMOVL

TOsTuMIn=DTD

NAsLILMAX-TOMIN}/DTUSL

U7 AL IxleNA

ov.

EIZ\

unod <1

141
20

202

149

152
41
13

NHa(CTVMA-CTYMI/DTVeL

TusTueDIC

LS4 1]

IF (TUGT.TOMAX) GO Tu 3%

caLL UACILIQUIDZLSUPP,LOUT s ORHOL 9 GRHOV OXLAM» TSIGM, OXMUL 4 OX

LUV, TUsPVQy XMW o GAMNA)
EF (LLUTLGT.1) GO TO 3%
WRITE (6,11)
KRITE (6y40)
WRITE (6,28) T0
TV=CIVYRI-DTV .
DO 181 Jul,N8
TVaTveDTV
1F {TV.GY.CTYMA) GO T0 141
IF (IV.EQ.TO} GO 70 141
caLL DACELIQUID,LSUPP4LOUT ORHOL » ORHOV s OXLAN. QS IGMe OXMUL 2 OX
LUV o TV PV ¢ KMW 4 GAMNA)
IF (LOUT.GT.1) GO TO 3%
Fal,0+VRDVC-RGOXHOVCETO/ (PY=PVD)
QeGMAX®FS(TY-Tu
IF 1Q.LT+0.0) SU YO 141
TVi=lv
KVaKT41
IF (KT.GT.6) GO TO 201
IF {F.CT.1.0) GO TO 149
CONT INUE
TYsCTVMI=DTY
DO 202 L=1.,NB
TVsTYeDTV
1F {TV.GT.CTVYMAY GO TO a2
If (TV.€Q.TO) GO ¥T0 202
caLL CACILIQUID,LSUPP(LOUT,ORHOL ¢ ORHOV» OXLANS OS JGMs OXNUL 4 OX
RUVo TV PV o XXMMy GAMMAY
IF (LOUT.GT.1) GO TO 3%
Fx1.0¢VRDVC~RG*XMOVCOTO/ {PY-PVQ)
QeGMAXSES(TV-TU)
IF (U.LT.0.01 GO TO 202
IF (F.GT.1.0) GO YU &1
WRITE (6¢42) TVeQ,F
CONTINUE
GO 10 41
NAs24.09DTY
TVaTVl=6.0*DTV .
DO 152 KalyhB '
TVaTyeDIV/ .0
1F (IV.EQ.0) GO YO 152
catL DAC(lluulD.lSUP'-LOUT'UINOL-BRHDV'DXLAN-OSlGﬂnOXIULvUX
LUV TV, PV, XMK, GANMA)
IF {LUUT.GT.1) GO TO 3%
Ful.UsYROVC-RGSXMOVCOTQZ (PV-PYD)
UrLMAXOFS{TY-TU)
1F (valF.6.0) GO TO 152
IF (F.GTa1.0) GO TO &1
WRITE {65420 TV,QeF
CONT INUF
LUNT INVE
I+ {MIRELGT.1) GU TO S1
S

‘,,,,w,.%

._]



—

Appendix D. Sample Problem

%
22g)
@%P«
0@6’
e
4'03.%

.C.3-23




The sample problem consists of determining storage volume requirements
(Design Arzlysis) for a given set of sink conditions and of predicting the performance
(Pérformance Analysis) within the range cf these sink conditions and within a maximum
acceptable range of vapor temperatures. The heat pipe working fluid is ammonia at a
nominal operating temperature of 45°C, and the noncondensable gas is nitrogen. The

sink conditions and maximum control range are specified as:

T = 308°%K
0, max
T . = 268°%K
0, min

O,
T = 328°%K
v, max

(s}
T . = 308°%K
v, min

The heat that must be dissipated at maximum conditions (i.e., T

and T )
v, max o

, max
is specified as:

and the maximum allowabhle reservoir to condenser vapor volume ratio is:

vr
v = 50
v,C
The calculation increments are specified as:
atT. = 1°
v
A@T) = 1%
: v
aT_ = 10°
o

The associated data cards are listed in Table C. 3.D-1. The resulting computer output
data follow. The results are also plotted in Figures C.3.D-1 and C,3.D-2. In Figure
C.3.D-1, tke storage requirements are shown as a function of control sensitivity for
various sink temperature ranges. As indicated in the computer printout, the cold-

reservoir cannot provide control with the specified volume ratio at maximum sink

C.3-24
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Figure C.3.D~1. Storage Reservolr Requirements as a -

Function of Contro! Sensitivity

Nominal Vapor Tcmpemtufc : 318°K L 130F)
Minimum Sink Temperature : 268°K ( 23°F)
Working Fluid :

Ammonia
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Niminal Vapor Temperature : 318 °K (113 F)
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Working Fluid :  Ammonia
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Table C.3.D-1 List of Associated Data Cards

.- AMMONI A
NITROGH N
SCONTRO MORE=2LIQUIDES+LC1=2+LC2=19%
SDATAIN TOMAX=®308,0TOMIN®268,0sDTO=10.0 »TVMAXE328,09TVYMIN=308,0,
"OTVS1.0900TVE] (GeRGE296,5F9THAXTE (09 VRVC=50,0%
AMMONIA

NITORGEN
SCONTRO MORE=0sLCl=],.C252$

temperatures above 298°K. Theé results from the Performance Analysis are given in
Figure C. D-2 -which shows the heat pipe operating temperature Tv versus the heat
dissipated Q at different sink temperatures. The allowable vapor temperature con-
trol range had to be adjusted in order to obtain control with a cold-reservoir at the
specified extreme sink temperatures. This adjustment is indicated on the first page
of output data for the Performance Analysis. Also, the calculation increment for the
vapor temperature is adjusted internally so that at least six data points are calculated

for a given sink temperature. This is to guarantee that sufficient data is available for

curve plotting,
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— {coLp-=w]CKED.

WORKING FLUID AMMON]A

- . S NITROGEN

GAS CONSTANT (NeM/KGeK) 2964590 Ny
' RS
DES! &nN ANALYSITS T
R
oAk
1 MPUTYT __DATA &

MAXINUP ALLQWABLE SInk TEMP(K) HINTHUM SInK YEMPR! K)

308400 268.00

- MOMINAL OPERATING TEMPIK) __HMAXe OPERATING TEMP(K) _ MiNe OPERATVING TEMP(K)

318,00 22210 108-00

MAXLTMUN ALLotABLL'thlo OF RESERVOIR YOLUMg to'councnstﬂ Voip

$0,0000
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